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The  Principles  of  Mechanics. 
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i|e>j>^  N  this  Eilay  I  mean  only  to  offer 
fome   Remarks    on    the   Methods 


(c^^j-'i*  I  '  \f  ^    that  have  been  commonly  ufed  in 
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treating  of  thofe  Engines  that  are 
called  the  Mechanic  Powers  •,  and 
to  give  an  Account  of  the  Princi- 
ples on  which,  I  think,  we  may  beft  explain  their 
Nature  and  Manner  of  Acting. 


*  This  EfTay  was  read  at  a  Meeting  of  the  Royal  Society  on 
»he  zift  and  28th  of  ^^n7,  1763,  ccmiT!iinicatcd  in  a  Letter 
dated  13  July,  1762^  to  Matthew  Raper,  Efq;  F.  R.  S.  of  Thor^ 
ley,  in  HertfsrJflnre,     Vids  Phil.  TtarJafticns.  Vol.  Lll J. 
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The  many  ufeftil  Infl:ruments  that  have  been  fb 
ingenioufly  invented,  and  fo  fuccefsfully  executed, 
and  the  great  Perfedion  to  which  the  Mechanic 
Arts  are  now  arrived,  would  naturally  incline  one 
to  think  that  the  true  Principles  on  which  the  Effi- 
cacy and  Operations  of  the  feveral  Machines  de- 
pend, mufl:  long  lince  have  been  accurately  ex- 
plained. But  this  is  by  no  Means  a  necefTary  In- 
ference ;  for,  however  Men  may  differ  in  their 
Opinions  about  the  true  Method  of  accounting  for 
the  Effecfls  of  the  feveral  Machines,,  yet  the  prac- 
tical Principles  of  Mechanics  are  fo  perfedly  known 
by  Experience  and  Obfervation,  that  the  Artift  is 
thereby  enabled  to  contrive  and  adjufl:  the  move- 
ments of  his  Engines  with  as  much  certainty  and 
fuccefs  as  he  could  do,  were  be  thoroughly  ac- 
quainted with  the  Laws  of  Motion,  from  which 
thefe  Principles  may  be  ultimately  derived.  How- 
ever, tho^  an  enquiry  into  the  true  Method  of  de- 
ducing the  practical  Principles  of  Mechanics  from 
the  Laws  of  Motion,  fliould  perhaps  not  contrN 
bute  much  to  promote  the  Progrefs  of  the  Mecha- 
nic Arts,  yet  it  is  an  Enquiry  in  itfelf  ufeful,  and 
in  fome  Meafure  neceflary  j  for,  lince  late  Authors 
have  ufed  very  different  Methods  of  treating  this 
Subjetfl:,  it  may  be  fuppofed  that  no  one  Method 
has  been  looked  upon  as  fatisfadory  and  unexcep- 
tionable. I  (liould  therefore  wifh  to  contribute 
towards  having  this  Subjedl  treated  with  more  ac- 
curacy than  has  been  hitherto  done. 

The 
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The  moft  general  and  remarkable  theorem  in 
Mechanics  certainly  is  this,  "  That  when  two 
"  Weights,  by  means  of  a  Machine  counterpoife 
*'  each  other,  and  are  then  inade  to  move  toge- 
*'  ther,  their  Quantities  of  Motion  will  be  equal". 
Now  an  /Equilibrium  always   accompanying  this 
equality  ot  Motions,  bears  fuch  a  refemblance  to 
the  Cafe  wherein  two  moving  Bodies  flop  eacK 
other,  when  they  meet  together  with  equal  Quan- 
tities of  Motion;   that  Dodor  fFa/Iis,   and  after 
liim  mofl:  of  the  late  Writers,  have  thought  the 
Caufe  of  an  /Equilibrium  in  the  fcveral  Machines, 
might  be  immediately  affigned  ;  by  faying,  That 
fince  one  Body  cannot  produce  in  another  a  Quan- 
tity of  Motion  equal  to  its  own,  without  lofing  its 
own  at  the  fame  Time  -,  two  heavy  Bodies,  coun- 
terafting  each  other  by  means  of  a  Machine  mufl 
continue  at  reft,  when  they  are  fo  circumflanced 
that  one  cannot  defcend,  without  caufing  the  otheJ^ 
to  afcend,  at  the  fame  Time,  and  with  the  fame 
Quantity  of  Motion,  and  therefore  two  heavy  Bo- 
dies in  fuch  Gafes  mull  always  counterbalance' 
each  other*     Now  this  Argument  would  be  ajuft 
one,  if  it  could  properly  be  faid  that  the  Motion 
of  the  afcending  Body  was  produced  by  that  of 
the  defcending  one ;  but,  lince  the  Bodies  are  fo 
conne(fted  that  one  cannot  polfibly  begin  to  move 
before  the  other,  I  apprehend,  that,  if  the  Bodies 
are  fuppofed  to  move,  it  cannot  be  faid  that  the 
Motion  of  one  Js  produced  by  that  of  the  other : 
B  2  iince 
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fince  whatever  Force  is  fuppofed  to  move  one  mud 
be  the  immediate  Caufe  of  Motion  in  the  other 
alfo  ;  that  is,  both  their  Motions  mufl  be  fimulta- 
,  neous  Effeds  of  the  fame  Caufe,  juft  as  if  the  two 
Bodies  were  really  but  one.  And  therefore  if  I 
v/as  to  fuppofe,  in  this  Cafe,  that  the  fuperior 
Weight  of  the  heavier  Body  (which  may  be  in  it- 
felf  much  more  than  able  to  fuftain  the  lighter) 
fhould  overcome  the  Weight  of  the  lighter  and 
produce  equal  Motions  in  both  Bodies  t,  I  do  not 
think  that  from  thence  I  could  be  reduced  to  the 
Abfurdity  of  fuppoling,  that  one  Body,  by  its  Mo- 
tion, might  produce  in  another  a  Motion  equal  to 
its  own,  and  yet  not  lofe  its  own  at  the  fame  time. 
But  thofe  who  argue  from  the  equality  of  Motions 
on  this  Occafion  fay  farther,  that,  fince  the  two 
Bodies  mud  have  equal  Motions  when  they  do 
move,  they  muft  have  equal  Endeavours  to  move 
even  whilfl  they  are  at  reft,  and  therefore  thefe 
Endeavours  to  move,  being  equal  and  contrary, 
rnuft  deftroy  each  other,  and  the  Bodies  muft  con- 
tinue at  reft,  and  confequently  balance  each  other. 
In  Anfwer  to  this  I  muft  obferve,  that  the  abfolute 
Force  with  which  a  heavy  Body  endeavours  to  de- 
fcend  from  a  State  of  reft  can  only  be  proportion- 
able to  its.  Weight  •,  and  therefore  I  think  it  is  ne- 
ceifary  that  fome  Caufe  ftiould  be  affigned  why  (for 
Inftance  in  the  Lever)  the  endeavour  of  one  Pound 
to  defcend  ftiall  be  equal  to  that  of  four  Pounds  ; 
and  efpecially  as  the  Fulcrum  on  which  both  weights 
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ad  requires  no  greater  Force   to   fupport  it  than 
that  of  five  Pounds. 

From  thefe  Confiderations  I  infer,  that  the 
Reafon  why  very  unequal  Weights  may  balance 
each  other,  fhould  be  afllgned  not  from  their  hav- 
ing equal  momenta  when  made  to  move  together, 
but  by  proving  a  priori  without  confidering  their 
Motions^  that  either  the  Readiop  of  the  fixed 
Parts  of  the  Machine,  or  fome  other  Caufe,  fo 
far  takes  off  from  the  Weight  of  the  heavier  Body 
as  to  leave  it  onlyjult  able  to  fupport  the  lighter. 
However,  as  this  Equality  of  momenta  which  al- 
v/ays  accompanies  an  Equilibrium y  affords  a  very 
elegant  Theorem,  ifc:ought  to  be  taken  Notice  of 
in  every  Treatife  of  Mechanics,  and  may  ferve  as 
an  Index  of  an  /^quilihrimn.  But  I  would  not  have  it 
applied  to  a  Purpofe  for  which  it  is  unfit ;  as  It  has 
been  in  another  Inftance  by  Do(5tor  Keil,  who  from 
thence  gives  the  Reafon  why  Water  Hands  at  the 
fame  height  in  a  narrow  Tube  and  a  wide  Vefiel 
with  which  it  communicates.  And  an  Argument 
of  the  iame  kind  is  applied  ftill  more  improperly 
by  Dr.  Rutherforth  and  others,  to  fhew  why  a  drop 
of  Water  included  in  a  fmall  conical  Tube  will 
move  towards  the  narrower  End ;  and  yet  the 
true  Ways  of  accounting  for  both  thefe  Pheno- 
mena are  extremely  obvious  and  eafy. 

The 
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The  fimple  Mechanic  Powers  are  ufually  reck- 
oned fix,  the  Lever,  Axle  and  Wheel,  Pully, 
Wedge,  inclined  Plane,  and  Screv/.  The  only 
Method  I  have  met  with  of  explaining  the  Nature 
of  thefe  Machines  upon  one  and  the  fame  Principle, 
is  that  which  1  juO:  now  examined  ;  and,  as  that 
appears  to  me  unfatisfaflory,  I  fhall  confider  the 
Nature  of  each  Machine  feparately  in  the  Order 
I  have  fet  them  down. 

The  Lever  is  faid  to  be  a  right  Line,  inflexible 
and  void  of  weight.  Its  fundamental  Property  is 
this  -,  when  any  two  Forces  ad'  againft  each  other 
on  the  Arms  of  a  Lever,  they  will  continue  in 
^quilihrio^  if  their  Quantities  are  inverfely  as  the 
Diflances  between  the  Points  to  which  they  are  ap- 
plied and  the  Point  round  which  the  Lever  turns 
which  point  is  called  the  Fidcmm  or  Prop. 

Several  Methods  have  been  ufed,  by  different 
Authors,  to  prove,  that  this  Property  mud  neceffa- 
lily  belong  to  the  Lever.  We  find,  in  the  W^orks 
of  Archimedes,  a  Proof  brought  for  this  Purpofe 
which  has  fince  been  made  ufe  of  by  feveral 
Writers  of  Mechanics ;  who,  I  find,  have  Ibme- 
what  altered  the  Form  of  his  Argument,  the  Sub- 
fiance  of  which  is  generally  exprefled  as  follows, 
— "  When  a  Cylinder  of  any  uniform  Matter  is 
*^  ftipported  at  its  middle  Point,  it  will  continue 

"  at 
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"  at  reft ;  for  all  the  Parts  on  one  Side  muil  ba- 
"  lance  thofe  on  the  other,  being  exadly  equal 
♦'  to  them  both  in  weight  and  fituation,  fo  that  the 
*'•  whole  weight  of  this  Cylinder  may  be  looked  upon 
"  as  a(fling  on  the  middle  Point  on  which  it  is  fup- 
*'  ported.  From  whence  it  follows,  that  the 
"  Weight  of  fuch  a  Cylinder  w  ill  a(fi:  upon  what- 
"  ever  fupports  it,  in  the  fame  Manner  as  it  would 
"  do  if  it  was  all  contracted  into  the  middle  Point 
"  of  its  Axis.  If  therefore  we  fuppofe  the  Cy- 
*'  linder  to  be  diftinguiOied  into  two  unequal  Cy- 
"  linders  or  Segments,  the  Diflances  between  the 
"  midde  Points  of  thofe  Segments  and  the  Middle 
*'  of  the  whole  Cylinder  will  be  inverfely  as  the 
*'  lengths  of  the  Segments  ;  that  i>s,  inverfely  as 
*'  their  Weights :  But,  as  it  was  faid  above,  the 
"  weight  of  each  Cylinder  ads  in  the  fame  Man- 
"  ner  as  it  would  do  if  contracted  into  the  middle 
"  Point  of  its  Axis ;  and  therefore  if  the  Weights 
'*  of  thofe  Cylinders  be  contraded  into  thefe 
''  Points,  they  will  continue  to  fupport  each^as' 
*'  before.  And  thence  it  is  concluded,  that  any 
<*  two  Weights  adting  againil  each  other  on  a  Line 
«'  fuftained  at  a  fixed  point,  will  counterpoife  one 
*'  another,  when  they  are  inverfely  as  the  Dif- 
«'  tances  of  the  Points  on  which  they  aCt,  from 
"  the  Point  on  which  the  Line  refts."  To  this 
A§*«ement  there  feems  to  be  a  manifeft  OhjeClion ; 
for,  when  the  whole  Cylinder  is  diflinguifhed  into 
two  Segments,  part  of  the  Weight  of  the  greater 

Segment 
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Segment  a6ls  on  the  fame  Side  of  the  Fulcrum 
with  the  lefler  Segment ;  and  therefore  when  the 
whole  Weight  of  the  greater  Segment  is  contra(5i:- 
ed  into  its  middle  Point  on  one  Side  of  the  F'ul- 
crara,  and  a6ls  all  of  it  againfl:  the  leffer  Segment, 
it  requires  at  leaft  fome  Proof  to  (hew,  that  this 
contracted   Weight    will    be     balanced    by    the 
Weight  of  the  leiTer  Segment.    Mr,  Hugens^    in 
his  Mifcellaneoits  Obfervations  on  Mechanics^    takes 
Notice  of  this  Obje61:ion   to  Arcbimedes*s  Method, 
which,  he  fays,  feveral  Mathematicians  had  endea- 
voured to  remove,  but  without  Succefs.    He  there- 
fore, inftead  of  this  Method,  propofed  one  of  his 
own,  which  depends  on  a  Pojlulatum  that  he  ufes  in 
common  with  Archimedes,  and  which  I  think  ought: 
not  to  be  granted  on  this   Occafion ;   it  is  this  : 
*'  When  equal  Bodies  are  placed  on  the  Arms  of  a 
"  Lever,  the  one  which  is  furtheft  from  the  Fulcrum 
"  will  prevail  and  raifethe  other  up."     Now  this 
is  taking  it  for  granted,  in  other  Words,  that  a 
fmall  Weight  placed   further  from    the   Fulcrum 
will  fupport  or  raife  a  greater  one.    The  Caufe  and 
Reafon  of  which  Faift  mufl  be  derived  from  the 
Demonftration  that  follows,  and  therefore  this  De. 
monftration  ought  not  to  be  founded  on  the  fup* 
pofed  felf-evidence  of  what  is  partly  the  Thing  to 
be  proved:     But  perhaps  it  may  be  faid,  that  the 
Pojiulatum  may  be  granted  merely  on  this  Acc"ount  -, 
That  the  Center  of  Gravity  of  the  two  Bodies 
(which  in  this  Cafe  is  the  middle  Point  between 

them) 
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them)  is  not  fuflained;  and  therefore  the  'Body 
which  is  on  die  fame  Side  of  the  Fulcrum  with 
the  Center  of  Gravity  will  defcend. 

In  Anfwer  to  which  I  mnfl:  obferve,  that  this 
Property,  which  the  Center  of  Gravity  has  of  de- 
fcending,  when  not  placed  diredly  above  or  below 
the  Point  of  Sufpenfion,  cannot  be  proved  to  be- 
long to  it  in  any  Cafe,  nor  can  we  even  fliew  that 
there  is  only  one  Center  of  Gravity  between  two 
Bodies  joined  by  a  right  Line,  until  it  is  proved  in 
general  that  the  Center  of  Gravity  of  any  two  Bo- 
dies is  a  Point  fo  placed  between  them  that  their 
Dillances  from  it  are  inverfely  as  their  Weights : 
but  this  in  t^tdi  includes  the  principal  Property 
of  the  Lever,  which  therefore  cannot  be  proved 
from  any  previous  Suppofition,  that  the  Center  of 
Gravity  will  defcend,  even  when  the  Bodies  are 
equal,  and  we  know  it  is  the  middle  Point  between 
them. 

I  mufl  now  proceed  to  'confider  what  Sir  Ifaac 
Neivton  hath  delivered  on  this  Subject  in  his  Prin^ 
dpi  a  J  after  the  2d  cor.  to  the  3d  Law  of  Motion 
which  Dr.  Clarke  (in  his  Notes  on  Rohaidt)  and  all 
the  fubfequent  Writers,  have  quoted  as  an  elegant 
Proof  of  the  Property  of  the  Lever ;  and  therefore 
what  appears  to  me  at  prefent  an  Objection  to  this 
Proof  I  fhall  mention  with  great  diffidence,  and  in 
hopes  of  being  fet  right  if  I  am  wrong.    Sir  Ifaac 

C  luppofes 
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fuppofes  two  Weights,  as  A  and  P.  Fig.  i.  to  hang 
by  Threads,  from  the  Points  M  and  N.  in  a 
Wheel  or  circular  Plane  Perpendicular  to  the  Ho- 
rizon and  Movable  about  its  Center  O  -,  and  then 
propofes  to  determine  the  Forces  with  which  thefe 
Weights  aft  to  turn  the  Wheel  round  its  Center. 
In  order  to  do  this,  he  fuppofes  that  it  is  indiffer- 
ent from  what  Points  in  the  perpendicular  Lines 
M  A  and  N  P  the  Weights  are  hung,  for  that  they 
will  flill  have  the  fame  Power  to  turn  the  Wheel 
about  its  Center.  His  Words  are  :  "  ^oitiam  nil 
*'  refert  utrum  filomm  ptinna  K,  L,  D,  affixa  fuit 
''  vel  non  affixa  ad  planum  rota ;  ponder  a  idem  vakbunt 
''  ac  fi  fufpenderentur  a  pim^lis  K  et  L,  vel  D  et  L." 
Now  whether  the  Points  of  the  Threads  K,  L,  D, 
are  fixed  or  not  to  the  Plane  of  the  Wheel  is  cer- 
tainly of  Importance,  as  it  muft  make  a  Differ- 
ence in  the  Points  of  Sufpenfion  of  the  Weights, 
and  confequently  in  the  Degrees  of  Obliquity 
with  which  the  Weights  act ;  for  the  lowefl  Point 
of  the  Thread  that  is  fixed  to  the  Plane  mull  be 
confidered  as  the  Point  from  which  the  Weight 
hangs  i  as  the  Parts  of  the  Thread  above  that 
Point  are  quite  ufelefs  not  being  at  all  a(5led  upon. 
And  from  thence  I  fhall  endeavor  to  fhew  that  to 
fuppofe  the  Weight  A  will  have  the  fame  Power 
to  turn  the  Wheel  from  whatever  Point  in  the  Line 
M  A  it  hangs,  is  in  Effed  prefuppofmg  what  is 
intended  to  be  proved.  For  it  appears,  from  what 
he  fays  immediately  after,  that,  when  the  Weight 
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A  hangs  from  the  Point  D,  if  its  whole  Force  be 
cxprefled  by  the  Line  A  D,  and  be  refolved  intd 
two  Forces,  D  C  and  A  C,  the  former  only  will 
have  any  EfFed  in  turning  the  Wheel,  as  it  ads 
perpendicularly  on  the  Radius  O  D,  while  the  latter 
IS  loft,  its  Diredlion  being  parallel  to  O  D.  But  it  is 
evident,  that,  when  the  fame  Weight  hangs  from 
the  Point  K,  as  it  ads  perpendicularly  on  the  Ra- 
dius O  K,  its  whole  Force  is  exerted  to  turn  the 
Wheel,   and  none  of  it  loft  by  oblique  Adion. 
Therefore  the  Force  which  the  Weight  A,  exerts 
to  oppofe  the  Weight  P,  and  turn  the  Wheel  when 
it  hangs  from  D,  is,  to  the  Force  it  exerts  when  it 
hangs  from  K,  as  the  Line  D  C  to  A  D,  or  as  O  K, 
to  O  D,    (fim.  Triang.  ADC,    D  O  K)  that  is 
the  Forcei exerted  by  the  Weight  A,  hanging  from 
the  Points  D  and  K,  are  inverfely  as  the  Radii  O  D, 
and  O  K.     And  therefore  to  fuppofe,  that  thefe 
two  Forces  will  have  the  fame  Effed  in  turning  the 
Wheel  and  oppofing  the  Weight  P,  is  the  fame 
as  fuppofing  that  two  Forces  will  have  equal  Ef- 
feds  in  moving  the  Arms  of  a  Lever  (on  which 
they  ad  perpendicularly)  when  they  are  inverfely 
as  the  Lengths  of  thofe  Arms.^r — —But  this  is  the 
very  Conclulion  Sir  Ifaac  draws  from  his  Premifes, 
for  he  fays  :  "  Pondera  igitur  A  £5?  F,  qua  funt  re- 
"  ciproce  m  Radii  in  dire5ium  pofii  0  K^  0  L,  idem 
*'  poUebunt  et  fie  confijient  in  eequilibrio,  qii£  ejl  jjro- 
**  prietas  notijfima  hihra^  Ve^is  etAxis  in  Peritrochio." 
But  further,  this  Property  of  the  Lever,  which  is 
here  expreffed  in   general  Terms,  includes  two 
C  2  Cafes. 
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Cafes.  For  the  Arms  of  the  Lever  may  be  either 
perpendicular  or  oblique  to  the  Diredtions  of  the 
Weights.  The  firfl  of  thefe  Cafes  is  the  fimplefl, 
and  (hould  be  firft  demonftrated  :  And  1  do  not 
fee  how  there  can  ^e  any  room  for  applying  the 
Refolution  of  Forces  in  demonftrating  this  Cafe, 
in  which  no  Part  of  either  Weight  is  loft  by  ob- 
lique A(5lion.  But  when  this  Cafe  is  proved,  we 
have  from  thence,  by  the  Refolution  of  Forces,^- 
an  eafy  Way  of  iTiewing,  in  the  fecond  Cafe,  when 
the  Arms  of  the  Lever  are  oblique  to  the  Diredi- 
ons  of  the  Weights,  that  the  Weights  will  coun- 
terbalance each  other,  when  they  are  reciprocally 
as  the  perpendicular  Diftances  of  their  Lines  of 
Diredion  from  the  Center  of  Motion.  From  the 
laft  of  thefe  Cafes,  we  may  deduce  an  obvious 
Reafon  why  the  Weight  A  fhould  have  die  fame 
Power  to  turn  the  Wheel,  from  whatever  Point  it 
hangs  in  the  Line  M  A ;  the  Truth  of  which,  J 
am  perfuaded,  cannot  be  proved  independent  of 
thofc  Cafes,  and  therefore  think  it  ought  not  to  be 
iifed  as  a  Pojiulatum  in  demonftrating  the  general 
Property  of  the  Lever; 

Mr;  Maclmirin^  in  his  Vieiv  of  Newton'^  Philo- 
fophy^  after  giving  us  the  Methods  which  Archime- 
des and  Newton  have  ufed  for  proving  the  funda- 
mental Property  of  the  Lever,  propofes  one  of 
•  his  own,  which,  he  fays,  appears  to  be  the  moft 
natural  one  for  this  Purpofe.     However  as  to  hi?? 

Method 
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Method  I  fhall  only  obferve,  that,  fi'om  equal  Bo- 
dies furtaining  each  other  at  equal  Didances  from, 
the  Fulcrum^  he  fhews  us  how  to  infer  that  a  Body 
of  one  Pound  (for  Inftance)  will  fuflain  another  of 
two  Pounds  at  half  its  Diftance  from  the  Fulcrum^ 
and  from  thence  that  it  will  fultain  one  of  three 
pounds  at  a  third  of  its  Diftance  from  the  Fulcrum^ 
and  thus  he  goes  on  deducing,  by  a  kind  of  In- 
du6lion,  what  the  Proportion  is  in  general  between 
two  Bodies  that  fuftain  each  other  on  the  Arms  of 
a  Lever.  But  this  Argument  he  obferves  cannot 
be  applied  when  the  Arrns  of  the  Levet  are  incom- 
menfurable,  and  therefore  it  cannot  conclude  ge- 
nerally, and  confequently  is  imperfe<^. 

Thefe  are  the  Methods  of  demonflrating  tlie 
fundamental  Property  of  the  Lever,  which  are 
mofl:  worth  taking  Notice  of ;  and,  fince  they  feem 
liable  to  Objections,  and  the  other  Methods  f  have 
met  with  are  ftill  more  exceptionable.  I  Hiall  pro- 
pofe  a  new  Proof  of  this  Property  of  the  Lever 
which  appears  to  me  a  very  fimple  one,  and  de- 
pends on  a  PoJiuJatum  that,  I  believe,  will  be  rea- 
dily granted. 

If  a  Force  be  uniformly  diffufed  over  a  right 
Line,  that  is,  if  an  equal  Part  of  the  Force  acfls 
upon  every  Point  of  the  Line,  and  if  the  whole 
Force  adls  according  to  one  and  the  fame  Plane ; 

this 
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this  Force  will  be  fuftained,  and  the  Line 
kept  in  ^qitilihrio,  by  a  fingle  Force  applied  to 
the  middle  Point  of  the  Line  equal  to  the  diffufed 
Force,  and  a(51ing  in  a  contrary  Direilion. 

In  order  to  (horten  the  following  Proof,  I  mnfl 
premife  by  way  of  Lemma,  that,  if  a  right  Line 
be  divided  into  two  Segments,  the  Diftances  be- 
tween the  Middle  of  the  whole  Line,  and'the  mid-^ 
die  Points  of  the  Segments,  will  be  inverfely  as 
the  Segments.  This  is  felf-evident  when  the  Seg- 
ments are  equal ;  and,  when  they  are  unequal, 
then,  fince  half  of  the  whole  Line  is  equal  to  half 
of  the  greater  and  half  of  the  lelTer  Segment,  it 
is  plain  that  the  Diftance  between  the  Middle  of 
the  whole  Line  and  the  Middle  of  one  Segment 
inuft  be  equal  to  half  of  the  other  Segment,  fo 
that  thefe  Diftances  mufl  be  to  each  other  inverfe- 
ly as  the  Segments,  all  which  appears  evident 
from  the' Infpecftion  of  Fig.  2. 

Let  now  the  Line  G  H,  (Fig.  2)  whofe  middle 
Point  is  D,  be  divided  into  the  unequal  Segments 
G  L,  and  LH,  whofe  middle  Points  are  C  andF,  and 
]et  tv,^o  Forces  or  Weights,  A  and  B,  which  are  to 
each  other  as  the  Segments  G  L  and  L  H,  be  ap- 
plied to  their  middle  Points  C  and  F,  and  let  them 
acl-  perpendicularly  on  the  Line  G  H.  Then  (by 
the  Lemma)  the  Weights  A  and  B  will  be  to  each 
other  inverfely  as  C  D,  and  F  D,  (the  Diftances 

of 
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of  the  Points  C  and  F,  to  which  they  are  applied 
from  the  middle  of  the  whole  Line)  if  then  a  third 
Force  or  Weight  E,  equal  to  the  Sum  of  the 
Forces  A  and  B,  be  applied  to  the  Point  D,  and 
adts  on  the  Line  in  an  oppofite  Dire(ftion  ;  I  fay 
thefe  three  Forces  will  fiiltain  each  other,  and  keep 
the  Line  in  ^^.quilibrio.  For  let  us  fuppofe  the 
Force  E  to  be  removed  and  inftead  of  it  another 
Force,  equal  alfo  to  the  Sum  of  A  and  B,  to  be 
uniformly  diffufed  over  the  whole  Line  G  H,  and 
to  a6l  dlret5^1y  againfl  the  Forces  A  and  B,  then 
the  Part  of  this  Force  v/hich  ads  on  the  Segment 
GL,  will  be  equal  to  the  Force  A,  and  therefor^ 
will  be  fuflained  by  it  (Pojiulatum)  ;  and  the  other 
Part,  which  is  difFufed  over  the  Segment  L  H,  will 
be  equal  to  and  fuftained  by  the  Force  B,  fo  that 
the  Forces  A  and  B  will  fuflain  this  diffufed  Force 
and  keep  the  Line  in  /Equilibrio.  Let  now  two 
other  Forces  adt  alfo  on  this  Line  in  oppofite  Di- 
regions,  one  of  them  the  Force  E  afting  on  the 
Point  D,  as  it  was  firll  fuppofed  to  do,  and  the 
other  an  uniformly  difFufed  Force  equal  to  E  (and 
confequently  equal  to  the  other  difFufed  Force)» 
then  thefe  two  additional  Forces  will  alfo  balance 
each  other,  and  therefore  the  /Equilibrium  m\\  ilili 
remain.  So  that  the  two  Forces  A  and  B,  and  a 
difFufed  Force  adting  on  one  Side  of  the  Line  fuf- 
tain  the  Force  E  and  a  diffufed  Force  adding  on  the 
other  Side :  but  it  is  manifelt,  that  in  this  /Equili- 
hi^im,  the  two  diffufed  Forces  ading  on  oppofite 

Sides 
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Sides  are    perfedly  equivalent,   and  therefore  if 
they  are  taken  away  from  both  Sides,  the  /Equili- 
brium muft  flill  remain.    Hence  it  appears  that  the 
three  Weights  or  Forces  A,  B  and  E,  any  two  of 
which  are  (by  the  Conftrudlion)  to  each  other  in- 
verfely  at   their  Diftances  from  the   third,    will 
fuftain     each    other     and    keep    the   Line    on 
which    they   acl    in^  Equilibrio ;    which     is    the 
firfl  and  moft   fnnple  Cafe  of  the  Property  of  the 
Lever ;  for  here  the  Dire6\ions  of  the  Weights  are 
fuppofed  to  be  perpendicular  to  the  Line  on  which 
they  a6t,  and  it  is  evident  tiiat,    if  one  of   the 
Points  C,  D  or  F  be  fixed  or  confidered  as  a  Ful- 
crum^   the   Weights   adding    on    the   other    two 
Points  will  continue  to  fupport  each  other.     I  (hall 
not  now  take  the  trouble  of  proving  the  fecond 
Cafe  of  the  Property  of  the  Lever ;  it  is  moft  eafily 
deduced  from  the  firft ;  for  when  two  Weights  aft 
on  the  arras  of  a  Lever  in  oblique  Direftions,  and 
are  to  each  other  inverfely  as  the  perpendicular 
Diftances  of  their  Lines  of  Diredion  from  the 
Center  of  Motion,  then,  by  the  refolution  of  Forces, 
it  is  eafily  proved  that  the  Parts  of  thofe  Forces 
which  aft  perpendicularly  on  the  Arms  -of  the  Le- 
ver, and  which  only  are  exerted  to  turn  the  Lever 
are  to  each  other  inverfely  as  the  lengths  of   thof« 
Afms  ;  and  therefore  by  the  hrft  Cafe  they  rauft 
balance  each  other. 

■  *  /imal 
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I  (hall  now  mention  fome  well  known  Truths 
in  Mechanickjs,  which,  I  think,  cannot  be  proved 
oiherwife  than  by  deducing  them  from  what  hath 
been  here  demonftrated. 

COROLLARY  I.  It  appears  from  hence; 
that  the  Powers  with  which  any  two  Forces  move 
or  endeavour  to  move  the  Arms  of  a  Lever,  are  as 
the  Re(5tangles,  under  Lines  proportional  to  the 
Forces,  and  the  perpendicular  Diftances  of  their 
Lines  of  Direction  ^tom  the  Fulcrnm.' 

COR.  IL  When  therefore tv/o Bodies  a(fling'on 
the  Arms  of  a  Lever  fuftain  each  other,  if  one  of 
them  be  removed  farther  from  the  Fulcrum,  it  will 
preponderate ;  but  if  it  be  brought  nearer  to  the 
Fulcrum,  the  other  Weight  will  prevail :  becaufe  the 
Produdl  to  which  its  Force  is  proportional  will  be 
encreafed  in  the  firft  Cafe,  and  diminilhed  in  the 
fecond.   . 

COR.  in.  We  learn  from  hence,  to  End  out  the 
Center  of  Gravity  of  any  two  Bodies  joined  by  an 
inflexible  right  Line-,  and  to  prove  that  its  Definition 
will  agree  to  one  Point  only  in  the  Line.  For  if  a 
'■  Point  be  taken  in  the  Line  fo  that  the  Diftances 
of  the  Bodies  from  it  may  be  inverfely  as  their 
Weights,  that  Point  will  be  their  Center  of  Gra- 
vity, becaufe,  when  it  is  fuftained,  the  Bodies  will 
be  Iti  /Equilihrio.     But  if  the  Line  be  fuftained  at 
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any  other  Point,  then  Is 'the  Fulcrum  removed  far- 
ther from  one  Body  and  brought  nearer  to  the 
other  than  it  was  when  the  Bodies  balanced  each 
other  ;  and  therefore,  by  the  preceding  Cor.  that 
Body  from  which  it  is  removed,  or  which  is  on  the 
fame  Side  with  the  Center  of  Gravity,  will  de- 
fcend.  Confequently  there  is  but  one  Point  in 
the  Line,  which  being  faftained,  the  Bodies  will 
continue  in  /Eguilibrio,  and  therefore  but  one  Point 
only  can  be  their  Center  of  Gravity.  Hence  alfo 
it  appears,  that  the  Center  of  Gravity  will  always 
defcend,  when  it  is  not  direflly  above  or  below  the 
Point  by  which  the  Body  is  fuftained. 

I  fhall  now  endeavour  to  be  as  conclfe  as  poflibk 
in  what  I  have  to  fay  of  the  other  Mechanic  Pow- 
ers ;  having,  I  fear,  been  too  tedious  in  my  Ac- 
count of  the  Lever,  which  however  deferves  to 
be  particularly  confidered,.finGe  tO;  it  may  be  re- 
duced the  Balance,  the  Axle  and  Wheel,  and  (ac- 
cording to  fome  Writers)  the  Pulley. 

The  Balance  I  do  not  confider  as  a  difllnfl  Ma- 
chine, becaufe  it  is  evidently  no  other  than  a  Le- 
aver fitted  to  the  particular  Purpofe  of  comparing 
Weights  together,  and  does  not  ferve  for  raifmg 
Weights,  or  overcoming  Refiflances,  as  the  other 
Machines  do. 

What 
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When  a  Weight  is  to  be  raifed  by  means  of  an 
Axle  and  Wheel,  it  is  faftened  to  a  Chord  that 
goes  round  the  Axle,  and  the  Power,  which  is  to 
raifc  it,  is  hung  to  a  Chord  that  goes  round  the 
Wheel.  If  then  the  Power  be  to  the  Weight  as 
the  Radius  of  the  Axle  to  the  Radius  of  the  Wheel, 
it  will  juft  fupport  that  Weight ;  as  will  eafily  ap- 
pear from  what  was  proved  of  the  Lever.  For 
the  Axle  and  Wheel  may  be  confidered  as  a  Lever, 
whofe  Fulcrum  is  a  Line  palling,  through  the 
Center  of  the  Wheel  and  Middle  of  the  Axle, 
and  whofe  long  and  fliort  Arms  are  the  Radii 
of  the  Wheel  and  Axle  which  are  parallel  to  the 
Horizon,  and  from  whofe  Extremities  the  Chords 
hang  perpendicularly.  And  thus  an  Axle  and 
Wheel  may  be  looked  upon  as  a  kind  of  perpetual 
Lever,  on  whofe  Arms  the  Power  and  Weight  al- 
ways aft  perpendicularly,  tho'  the  Lever  turns 
round  its  Fulcrum.  iVnd  in  like  Manner  when 
Wheels  and  Axles  move  each  other  by  Means 
of  Teeth  on  their  Peripheries,  fuch  a  Machine  is 
really,  a  perpetual  compound  Lever:  and,  by 
confidering  it  as  luch,  we  may  compute  the  pro- 
portion of  any  Power  to  the  Weight  it  is  able 
to  fuftain  by  the  help  of  fuch  an  Engine.  And 
lince  the  Radii  of  two  contiguous  Wheels,  whofe 
Teeth  are  applied  to  each  other-,  are  as  the  num- 
ber of  Teeth  in  each,  or  inverfely  as  the  nitni- 
ber  of  Revoknions;   which  they .  make   in   the 
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fame  Time ;  we  may,  in  the  computation,  in- 
ftead  of  the  Ratio  of  thefe  Radii\  put  the  Ratio  of 
the  Number  of  Teeth  on  each  Wheel ;  or  the  in^* 
verfe  Ratio  of  the  Number  of  Revolutions  they 
make  in  the  fame  Time. 

Some  Writers  have  thought  the  Nature  and  EU 
fe£ts  of  the  Pulley  might  be  beft  explained  by  con- 
fidering  a  fixed  Pulley  as  a  Lever  of  the  firft,  and 
a  moveable  Pulley  as  one  of  the  fecond  kind.  But 
tho"  the  Pulley  may  bear  being  confidered  in  that 
light ;  yet,  I  think,  the  bell  and  moft  natural  Me- 
thod of  explaining  its  EfFeds  (that  is,  of  comput-^ 
ing  the  Proportion  of  any  Power  to  the  Weight  it 
can  fuftain  by  means  of  any  Syftem  of  Pulleys)  is, 
by  confidering  that  every  moveable  Pulley  hangs 
by  two  Ropes  equally  ftretched,  which  muft  bear 
equal  Parts  of  the  Weight  i  and  therefore  when 
one  and  the  fame  Rope  goes  round  feveral  fixed 
and  moveable  Pullies,  fmce  all  its  Parts  on  each 
Side  of  the  Pullies  are  equally  ftretched,  the  whole 
W''eight  muft  be  divided  equally  amongft  all  the 
Ropes  by  which  the  moveable  Pullies  hang.  And 
confequently  if  the  Power  which  adls  on  one  Rope 
be  equal  to  the  Weight  divided  by  the  Number  of 
Ropes,-  or  double  the  Number  of  moveable 
Pullies,  that  Powei*  mull  fuftain  theWeight. 

Upon  this   Principle,   the   Proportion  of  the 
Power  to  the  Weight  it  fuftains  by  Means  of  any 

Syftem 


Syftem  of  the  Pullies,  may  be  computed  in  a 
Manner  fo  eafy  and  natural  as  muft  be  obvious 
to  every  common  Capacity. 

The  Proportion  which  any  Power  bears  to  the 
refifting  Force  it  is  able  to  fuftain  by  means  of  a 
Wedge,  has  been  laid  down  differently  by  .iifFer- 
ent  Authors,  ^s  they  happened  to  confider  it  irl 
particular  Cafes.  Without  examining  their  feveral 
Opinions,  I  fhall  endeavour  to  exprefs  this  Pro- 
portion in  one  general  Propofition  which  may 
extend  to  the  feveral  Cafes  in  which  the  Wedge  is 
applied. 

X,et  the  Mquicrural  Triangle  ABC,  (Fig.  5.) 
reprefent  a  Wedge,  the  Lines  A  B  and  C  B  will 
be  the  Sides  of  the  Wedge,  A  C  its  Bafe  or  Back, 
and  its  Height  will  be  the  Line  P  B  bifeding  the 
Bafe  A  C  and  aifo  the  vertical  Angle  ABC.  When 
any  two  refifting  Forces  a<5t  on  the  Sides  of  a 
Wedge  in  Diredions  which  make  equal  Angles 
with  the  Sides  (as  they  are  always  fuppofed  to  do) 
a  Power  ading  perpendicularly  at  P  on  the  Bafe 
of  the  Wedge  will  keep  the  refifting  Forces  in 
/EquilihriOy  when  it  is  to  the  Sura  of  thefe  Forces, 
as  the  Sine  of  half  the  vertical  Angle  of  the  Wedge^ 
40  the  Sine  of  the  Angle  which  the  Directions  of 
the  Forces  contain  with  the  Sides  of  the  Wedge 
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For  let  E  and  F  be  two  Bodies  afling  on  the 
Sides  of  the  Wedge,  and  let  them  be  firft  fuppofed 
to  aft  in  the  Directions  E  P  and  F  P  perpendicular 
to  the  Sides  ;  then  fince  the  Power  P  a6ls  perpen- 
dicularly on  the  Bafe  A  C,  if  thefe  three  Forces 
keep  the  Wedge  in  /Equilihrio  they  will  be  to  each 
other  as  the  Sides  of  a  Triangle  to  which  their 
Diredions  are  parallel,  or  (which  is  the  fame  thing) 
as  the  Sides  of  the  Triangle  A  B  C  to  whigh  their 
Directions  are  perpendicular.  Therefore  the  Pow^ 
er  P  is  to  the  Sum  of  the  refifting  Forces  which  it 
fuflains  as  A  C  the  Bafe  of  the  Vvedge  to  the  Sunx 
of  the  Sides,  or  as  PA,  half  the  Bafe,  to  A  B 
one  of  the  Sides  j  but  P  A  is  to  A  B  as  the  Sine  of 
P  B  A,  half  the  vertical  Angle  of  the  Wedge,  to 
the  Radius  which  is  the  Sine  of  a  right  Angle,  and 
the  Diredions  of  the  refifting  Forces  are  fuppofed 
in  this  Gafe  to  contain  a  right  Angle  with  the  Sides 
of  the  Wedge. 

Let  now  the  refifting  Bodies  E  and  F  be  fup- 
pofed to  ad  on  the  Wedge  in  Diredions  parallel 
to  the  Lines  D  P  and  O  P,  which  make  oblique 
Angles  with  its  Sides,  draw  E  G  and  F  K  perpen^ 
dicular  to  thofe  Lines.  From  what  has  been 
proved  it  appears  that  the  Power  P  is  to  the  Force 
with  which  it  is  able,  by  means  of  the  Wedge, 
to  protrude  the  refifting  Bodies  in  the  Diredions 
P  E  and  P  F  as  the  Sine  of  half  the  vertical  An- 
gle 
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gle  to  the  Radius,  let  this  protruding  Force  be  ex% 
prefTed  by  the  Line  P  E,  and  let  it  be  refolved  into 
two  Forces  expreflfed  by  the  Lines  P  G  and  G  E, 
the  former  of  thefe  only  will  atft  in  oppofition  to 
the  refifling  Bodies,  therefore  the  whole  protruding 
Force  of  the  Power  is  to  the  Force  with  which  it 
a6ts  againfl:  the  refifting  Bodies,  P  E  and.P  F.  in  the 
Directions  P  D  and  P  O  as  P  E  to  P  G  or,  (becaufe 
the  Triangles  E  P  G  and  D  P  E  are  fimilar)  as  P  D 
to  P  E,  that  is  as  the  Radius  to  the  Sine  of  the 
Angle  P  D  E ;  compounding  therefore  the  Ralio  of 
the  Sine  of  half  the  vertical  Angle  to  the  Radius^ 
with  the  Ratio  of  the  Radiifs  to  the  Sine  of  the 
Angle  P  D  E,  the  Power  P,  when  the  Wedge  is 
kept  in  /Equilihrioj  will  be  to  the  Force  with  which 
it  protrudes  the  refifting  Bodies  in  Dire6tions  op- 
pofite  to  thofe  in  which  they  aft,  as  the  Sine  of 
.half  the  vertical  Angle  to  the  Sine  of  the  Angle 
P  D  E  or  P  O  F,  which  the  Dire(5lions  of  the  re- 
fifting Forces  contain  with  the  Sides  of  the 
Wedge. 

Hence,  when  the  Diredions  in  which  refifting 
Bodies  acft  on  a  Wedge  are  given,  we  may  eafily 
find  two  Lines  that  will  exprefs  the  Proportion  be- 
tween the  Refiftance  and  the  Power  which  fuftains 
it  by  means  of  the  Wedge.  For  from  P  the  mid- 
dle. Point  of  the  Wedge  draw  the  Line  P  D  meet- 
ing one  of  the  Sides,  and  parallel  to  the  Direc- 
tion in  which  the  refifting  Force  ads  on  that  Side, 

then 


(     24     ) 

'then  the  Power  will  be  to  the  Refinance  as  P  D  to 
P  B  the  Height  of  the  Wedge.  For  P  D  and  P  B 
are  to  each  other  as  the  Sines  of  the  oppofite  An- 
gles, in  the  Triangle  P  B  D,  that  is  as  the  Sines 
of  half  the  vertical  Angle,  and  the  Angle  which  the 
Diredion  of  the  refifting  Force  contains  with  the 
Side  of  the  Wedge. 

From  what  has  been  demon  ft  rated  we  may  de- 
duce the  Proportion  of  the  Power  to  the  Refillance 
it  is  able  to  fuftain  in  all  the  Cafes  in  which  the 
Wedge  is  applied.  Firft,  when  in  cleaving  Timber 
the  Wedge  fills  the  Cleft,  then  the  Refiftance  of 
the  Timber  a6ts  perpendicularly  on  the  Sides  of 
the  Wedge,  therefore  in  this  Cafe,  when  the  Power 
which  drives  the  Wedge,  is  to  the  cohefive  Force 
of  the  Timber,  as  half  the  Bafe,  to  one  Side  of  the 
Wedge,  the  Power  and  Refiftance  will  be  in  /Equi. 
librio. 

Secondly,  when  the  Wedge  does  not  exacflly 
fill  the  Clift,  which  generally  happens  becaufe  the 
Wood  fplits  to  fome  Diltance  before  the  Wedge, 
Let  ELF  reprefent  a  Cleft  into  which  the  Wedg€ 
A  B  C  is  partly  driven  ;  as  the  refifting  Force  of 
the  Timber  muft  aft  on  the  Wedge  in  Dire<5^ions 
perpendicular  to  the  Sides  of  the  Cleft,  draw  tlie 
Line  P  D  in  a  Dire^ftion  perpendicular  to  EL  the 
Side  of  the  Cleft  and  meeting  the  Side  of  the 
'Wedge  in  D;  then  the  Power  driving  the  Wedge 

and 
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and  the  Refiftance  of  the  Timber,  when  they  bal- 
lance,  will  be  to  each  other  as  the  Line  P  D  to 
B  B  the  Height  of  the  Wedge.  " 

Thirdly,  when  a  Wedge  is  employed  to  fepa- 
rate  two  Bodies  that  lie  together  on  an  horizontal 
Plane,  for  Inftance  two  Blocks  of  Stone;  as  thefe 
Bodies  mufl:  recede  from  each  other  in  horizontal 
Diredions,  their  Refiftance  muft  a6t  on  the  Wedge 
in  Lines  parallel  to  its  Bafe  CA  -,  therefore  the  Power 
which  drives  the  Wedge  will  ballance  the  Refift- 
ance when  they  are  to  each  other  as  P  A  half  the 
Breadth  of  the  Wedge  to  P  B  its  Height ;  and  then 
any  additional  Force  fufficient  to  overcome  the  Re- 
fiftance arifing  from  the  Fridlion  of  the  Bodies  on 
the  horizontal  Plane  will  feparate  them  from  e^ch 
other. 

The  inclined  Plane  is  reckoned  by  fome  Writers 
among  the  mechanic  Powers ;  and  I  think  with 
Reafon,  as  it  may  be  ufed  with  Advantage  in 
raifing  Weights. 

Let  the  Line  A  B  (Fig.  4.)  reprefent  the  length 
of  an  inclined  Plane,  A  D  its  Height,  and  the  Line 
B  p  we  may  call  its  Bafe.  Let  the  circular  Body 
G  E  F  be  fuppofed  to  reft  on  the  inclined  Plane, 
'and  to  be  kept  from  falling  down  it  by  a  String 
C  S  tied  to  its  Center  C.  Then  the  Force  with 
E  which 
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which  this  Body  ftretches  the  String  will  be  to  its 
whole  Weight,  as  the  Sine  of  ABD  the  Angle 
of  Elevation,  to  the  Sine  of  the  Angle  which  the 
String  contains  with  a  Line  perpendicular  to  A  B 
the  Length  of  the  Plane.  For  let  the  Radius  C  E 
be  drawn  perpendcular  to  the  Horizon,  and  C  F 
perpendicular  to  A  B,  and  frofh  E  draw  E  O  pa- 
rallel to  the  String  and  meeting  C  F  in  O.  Then, 
as  the  Body  continues  at  reft  and  is  urged  by  three 
Forces,  to  wit,  by  its  Weight  in  the  Direcftion 
C  E,  by  the  Rea(51ion  of  the  Plane  in  the  Diredtion 
FC,  and  by  the  Readion  of  the  String  in  the  Di- 
rection E  O ;  the  Readlion  of  the  String,  or  the 
Force  by  which  it  is  ftretched,  is  to  the  Weight 
of  the  Body,  as  E  O  to  C  E  :  that  is,  as  the  Sine 
of  (the  Angle  ECO,  which  is  equal  to)  ABD 
the  Angle  of  Elevation,  to  the  Sine  of  the  Angle 
E  O  C,  equal  to  SCO,  the  Angle  which  the 
String  contains  with  the  Line  C  F  perpendicular 
to  A  B,  the  Length  of  the  Plane. 

When  therefore  the  Stjng  is  parallel  to  the 
Length  of  the  Plane,  the  Force  with  which  it  is 
ftretched,  or  with  which  the  Body  tends  down  the 
inclined  Plane,  is  to  its  whole  Weight,  as  the 
Sine  of  the  Angle  of  Elevation,  to  the  Radius^ 
or  as  the  Height  of  the  Plane  to  the  Length.  And 
in  the  fame  Manner  it  may  be  (hewn,  that  when 
the  String  is  parallel  to  B  D,  the  Bafe  of  the 
Plane,  the  Force  with  which  it  is  ftretched  is  to 

the 
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the  Weight  of  the  Body,  as  A  D  to  B  D,  that  Is,  as 
the  Height  of  the  Plane  to  its  Bafe.  If  we  fuppofe 
the  String,  which  fupports  the  Body  G  E  F,  to 
be  faflened  at  S,  and  that  a  Force,  by  acting  on 
the  Line  A  D,  the  Height  of  the  Plane,  in  a 
Direflion  parallel  to  the  Bafe  B  D,  drives  the 
inclined  Plane  under  the  Body,  and  by  that 
Means  makes  it  rife  to  a  Dire6^ion  parallel  to  A  D. 
Then,  from,  what  was  proved  in  the  third  Cafe  of 
the  Wedge,  it  will  appear,  that  this  Force  muft 
be  to  the  Weight  of  the  Body,  as  A  D  to  B  D, 
or  rather  in  a  Proportion  fomewhat  greater  :  if  it 
makes  the  Plane  move  on  and  the  Body  rife. 

From  this,  laft  Obfervation  we  may  clearly 
fhew  the  Nature  and  Force  of  the  Screw ;  a  Ma^ 
chine  of  great  Efficacy  in  railing  Weights  or  in 
preffing  Bodies  clofely  together.  For  if  the  Tri- 
angle A  B  D  be  turned  round  a  Cylinder  whofe 
Periphery  is  equal  to  B  D,  then  the  Length  of 
the  inclined  Plane  B  A  will  raife  round  the  Gy-. 
Under  in  a  fpiral  Manner  ^  and  form  what  is 
called  the  Thread  of  the  Screw,  and  we  may 
fuppofe  it  continued  in  the  fame  Manner  round 
the  Cylinder  from  one  End  to  the  other;  and 
A  D  the  Height  of  the  inclined  Plane  will  be 
every  where  the  Diftance  between  two  contiguous 
Threads  of  this  Screw,  which  is  called  a  Con- 
vex Screw.  And  a  Concave  Screw  may  be  form- 
E  2         '  ed 
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ed  to  fit  this  cxaflly,  if  an  inclined  Plane  every 
way  like  the  former  be  turned  round  the  Infide  of 
a  hollow  Cylinder,  whofe  Periphery  is  fomewhat 
larger  than  that  of  the  other.     Let  us  now  fup- 
pofe  the  Concave  Screv/  to  be  fixed,  and  the  Con- 
vex one  to  be  fitted  into  it,  and  a  Weight  to  be 
laid  on  the  Top  of  the  Convex  Screw:  Then, 
if  a  Power  be  applied  to  the  Periphery  of  this 
Convex  Screw  to  turn  it  round,  at  every  Revolu- 
tion the  Weight  will  be  raifed  up  thro*  a  Space 
equal  to  the  Diftance  between  the  two  contiguous 
Threads,  that  is  to  the  Line  A  D  the  Height  of 
the  inclined   Plane    B  A ;    therefore  fince   this 
Power,  applied  to  the  Periphery,    afls  in  a  DL- 
redion    parallel   to   B  D,    it    muft    be  to  the 
Weight  it  raifes    as   A  D  to  B  D,    or  as  the 
Diftance  between  two  contiguous  Threads,  to  the 
Periphery  of  the  Convex  Screw. 

The  Diftance  between  two  contiguous  Threads 
is  to  be  meafured  by  a  Line  parallel  to  the  Axle ; 
if  we  now  fuppofe  that  a  Hand-fpike  or  Handle 
is  inferted  into  the  Bottom  of  the  Convex  Screw, 
and  that  the  Power  which  turns  the  Screw  is 
applied  to  the  Extremity  of  this  Handle,  which 
is  generally  the  Cafe  \  then  as  the  Power  is  re- 
moved farther  from  the  Axis  of  Motion,  its 
Force  will  be  fo  much  encreafed  (vide  what  was 
faid  of  the  Lever,  Cor.  j.)   end  therefore  fo  much 

may 
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may  the  Power  Itfelf  be  dimini(hed.  So  that  the 
Power,  which,  acting  on  the  End  of  a  Handle, 
fultains  a  Weight  by  Means  of  a  Screw,  will  be 
to  that  Weight,  as  the  Diftance  between  two 
contiguous  Threads  of  the  Screw,  to  the  Peri- 
phery defcribed  by  the  End  of  the  Handle.  In 
this  Cafe  we  may  confider  the  Machine  as  com- 
pofed  of  a  Screw  and  a  Lever,  or  as  Sir  Jfaac 
Newton  expreifeth  it,  Cuneus  a  ve6le  impulfus. 

Of  any  two  or  more  of  thefe  fimple  Machines 
combined  together,  all  other  Machines  however 
complicated  are  compofed.  And  their  Powers  and 
Manner  of  aiding  may  therefore  be  explained 
from  the  Principles  here  laid  down. 
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Intend  in  this  ElTay  to  give  fome 
account  of  the  Nature  of  Evapo- 
ration, the  Afcent  of  Wady  Va- 
pours and  feveral  other  Phano- 
mena  of  the  Atmofphere.  In  ex- 
plaining which  I  Ihall  proceed 
upon  a  Principle  very  different  (as  far  as  I  can 
find)  from  any  that  has  hitherto  been  ufed  on  this 


•  This  EfTay  was  read  at  a  Meeting  of  the  Royal  Society  on 
the  9th  and  16th  of  May,  1765.  communicated  in  a  Letter  to 
the  Rev.  Charles  Dodgjon,  D.  D.  F.  R.  S.  now  Lord  Biftiop  of 
Ofory.  Vide  Phil.  Tranf.  Vol.  LIV.  To  which  fome  Additions 
and  Improvements  have  been  lincc  made  by  the  Author. 
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Occafion ;  whereby  I  fhall  avoid  thofe  Objeaions 
which  late  Writers  have  made  to  the  former  Ac- 
counts that  have  been  given  us  of  thcfe  Phseno- 
mena,  and  perhaps  deliver  fomething  on  this  Sub- 
jea  that  may  appear  fatisfadory. 

In  all  the  Accounts  I  have  met  with,  Fire,  o* 
Heat  and  Rarefadion,  by  which  Wat/y  Vapours 
are  fuppofed  to  become  ipecifically  lighter  than 
Air,  are  made  to  be  the  principal,  if  not  the  only 
Caufes  of  their  Afcent  into  the' Atmofphere.  Doc- 
tor Niewentyt,  and  fome  others  fuppoled,  that  the 
Particles  of  Fire,  by  adhering  to  thofe  of  Water, 
make  up  MolecuU  or  fmall  Bodies  fpecifically 
lighter  than  Air.  And  Do^or  Halley  thought, 
that  by  the  Action  of  Heat  the  Particles  of  Water 
are  formed  into  hollow  Spherules  filled  with  a 
finer  Air,  highly  rarefied,  fo  as  to  become  fpecifi- 
cally lighter  than  the  external  Air.  This  lad  was 
the  Opinion  mod  commonly  received,  as  Dodor 
Defaguliers  tells  us  in  his  Diflertation  on  this  Sub- 
ject (publifhed  in  The  Phihfop^bical  Tranfa£iions^  in  the 
Year  1729)  in  which  he  examines  and  refutes  the 
two  former  Opinions,  and  endeavours  to  eftablifh 
his  own.  He  afcribes  the  Afcent  of  Aqueous  Va- 
pours to  their  being  turned  into  an  Elaftic  Steam, 
arid  always  rarefied  more  than  the  Air  by  the 
Degrees  of  Heat,  to  which  Bodies  are  ufually 
fubjedl  in  the  different  Seafons  of  the  Year. 

This 
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This  Opinion,  I  find,  has  been  as  ill  received 
by  fubfequent  Writers,  as  the  former  ones.  Mr, 
Clare,  in  his  ^reatife  on  the  Motion  of  Fluids^  has 
brought  many  Obje^ftions  againft  it;  as  Mr.  Rowtiing 
has  alfodone  in  his  Syftem  of  Natural  Philofophy,  not 
long  fince  publiflied  ;  who  fays,  that  the  Caufe  ot 
the  Afcent  of  Vapours  has  been  much  difputed, 
but  not  yet  determined  by  Philofophers,  and  owns 
that  he  cannot  think  of  any  true  Principle  of  Phi- 
lophy  upon  which  it  may  be  accounted  for. 

I  (hall  not  here  repeat  the  Objedions  made  by 
thofe  Gendemen,  but  mull  beg  leave  to  add  the 
two  following,  which,  among  many  others  that 
might  Hill  be  urged,  they  have  not  taken  Notice 
of. 

Firft  ;  If  Heat  was  the  only  Caufe  of  Evapora- 
tion, Water  in  a  clofe  Room  would  evaporate 
falter  than  when  expofed  in  a  colder  Place  where 
there  is  a  conftant  Current  of  Air,  which  is  con- 
trary to  Experience. 

Secondly  -,  The  Evaporation  of  Water  is  fo  far 
from  depending  on  its  being  rarefied  by  Heat, 
that  it  is  carried  on  even  whilft  Water  is  con- 
denfed  by  the  Coldnefs  of  the  Air.  For  Water  is 
gradually  condenfed  by  Cold,  YiU  the  Moment  it 
freezes  j  and  fince  it  evaporates  even  when  frozen 
F  z  into 
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into  hard  Ice,  it  muft  evaporate  in  all  the  lelTer 
Degrees  of  Cold.  Mr.  Boyle  having  counterpoifed 
a  Piece  of  Ice  in  a  Scale,  hung  it  out  in  a  frofty 
Night,  and  found  next  Morning  that  it  loft  con- 
fiderably  of  its  Weight  by  Evaporation,  "  Who 
**  would  have  thought,  fays  he,  that  fo  extremely 
*'  hard  and  cold  a  Body  would  evaporate  fo  faft 
*'  in  the  clear  Air  of  a  freezing  Night?"  and 
fince  that  Time  others  have  obferved  the  fame 
Thing  i  which  Fadl  feems  to  be  art  unanfwerablc 
Obje(51:ion  to  all  the  Accounts  in  which  Rarefaction 
by  Heat  is  made  to  be  the  chief,  if  not  the  only 
Caufe  of  Evaporation:  and  therefor?  we  muft 
have  Recourfe  to  fome  other  Principle  to  aflift  uS 
in  accounting  for  this  Phaenomeqon. 

As  the  Author  of  Nature  does  not  employ  in 
his  Works  a  greater  Variety  of  Caufes  than  is  abfo- 
lutely  neceffary,  it  is  the  Bufiqefs  of  natural  Phi- 
lofophy  to  reduce  ag  many  Phaenorpena  as  may  be 
to  fome  general  well-known  Caufe  \  and  this  is  to 
be  done  by  comparing  the  Pheenomena  together 
in  their  feveral  Cireumftances,  in  which  if  they 
are  found  to  agree,  they  are  then  to  be  confidered 
as  Effeds  of  the  fame  Kind,  and  afcribed  to  the 
fame  Caufe;  by  which  Means,  the  Caufes,  whofe 
Exiftence  is  already  proved,  will  be  rendered 
more  general,  and  our  Knowledge  more  extenfive. 
Now,  as  the  Sufpenfion  of  the  Particles  of  Water 
in  Air,  of  Salt  in  the  Waters  of  the  Ocean,  and  of 

other 
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Other  /heavy  Bodies  in  the  Fluids  that  diflbh^c 
them,  feem  to  be  Phenomena  of  the  fame  Kind, 
we  might  reafonably  fuppofe,  that  they  arife  from 
the  fame  Caufe,  and  that  v/hat  we  call  Evapora- 
tion is  nothing  more  than  a  gradual  Solution  of 
Water  in  Air.  But  that  I  m?.y  not  propofe  this 
merely  as  an  Hypothejis^  I  Ihall  endeavour  to 
prove  the  Truth  of  it,  by  coniidering  the  Nature 
of  Solution  in  general  and  comparing  its  Proper- 
ties and  Effeds  with  thoiV  uf  Evaporation, 

By  Solution  we  underfland,  fuch  an  intimate 
Union  between  the  Particles  of  a  Body  and  thofc 
of  a  Fluid,  that  the  Whole  fhali  appear  an  Homoge- 
neous Mafs,  as  tranfparent  as  the  Fluid  was  before 
fuch  Union,  and  (hall  fo  continue,  ''till  fome  ex- 
ternal Caufe  produces  a  Change.  The  Nature  of 
Solution  has  been  explained  by  the  Writers  on 
Chymiftry  in  this  Manner ;  When  the  Particles  of 
any  Body  furrounded  by  a  Fluid  are  lefs  ftrongly 
attradled  by  each  other  than  by  the  Fluid,  they 
muft  feparate  from  each  other,  and  join  themfelves 
to  thofe  of  the  Fluid,  and  remain  fufpended  there- 
in :  Thus  various  Salts  are  diifolved  in  Water, 
effential  Oils  in  Spirits  cf  Wine,  Gold  in  Aqua 
Regia,  Mercury,  Silver  and  other  Metals  in  other 
acid  Spirits  •,  and  indeed  It  feems  to  be  with  great 
Appearance  of  Reafon,  that  the  Attradion  be- 
tween the  minute  Particles  of  different  Bodies  (of 
which  v/e  have  (o  many  other  Initances)  is  aligned 

as 
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as  the  Caufe  of  that  Union  between  them,  which 
we  experience  in  Solutions ;  the  chief  Properties 
of  which  I  fhall  now  mention,  fo  far  as  may  be 
necelTary  for  the  Purpofe  to  which  I  mean  to  ap- 
ply them. 

In  mod  Cafes  a  difToIving  Fluids  or  Menftruum 
as  the  Chymifts  call  it,  will  difTolve  or  take  up 
only  a  certain  Proportion  of  the  Body  immerfed, 
and  if  then  any  more  of  the  fame  Body  be  added, 
it  will  ^g0l0tHfKtf  fall  to  the  Bottom,  and  then 
the  Fluid  is  faid  to  \itjaturatedm\h  the  Body  it  has 
diffolved ;  yet  a  Fluid  which  is  faturated  with  one 
Body  may  afterwards  diilolve  others  of  different 
Kinds,  and  keep  all  their  Particles  fufpended 
together. 

When  any  Menjlrimm  has  entirely  diffolved  a 
Body,  it  will  continue  as  tranfparent  as  it  was 
before;  the  Caufe  of  which  may  be  afligned  from 
what  Sir  Ij'aac  Newton  difcovered  by  Experiments, 
"jiz.  that  the  Particles  of  Bodies  muft  be  of  a  cer- 
tain Size  or  Bignefs  to  caufe  any  Refle(5tiop  or 
Refra61ion  of  the  Rays  of  Light  at  their 
Surfaces  to  which  Opacity  is  owing  i  whence 
be  gives  the  Reafon,  why  fome  Bodies  are  opake 
and  others  tranfparent.  He  alfo  obferves, 
that  the  moft  opake  Bodies  (fuch  as  Metals)  being 
difiblved  in  an  acid  Menftruum^  and  thereby  reduced 
to  their  ultimate  and  fmallcft  Particles,  do  not  take 
away  the  Tranfparency  of  the  Menjtruim, 

Hence 
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Hence  we  may  always  know  how  to  diftinguifh 
a  Solution  from  a  Mixture.  For,  if  a  Body  be 
reduced  to  Powder  and  thrown  into  a  Fluid  that 
will  diiTolve  it,  and  they  are  then  (haken  fuddenly 
together,  the  Fluid  will  continue  fomewhat  opake, 
'till  the  Solution  be  efFefled,  or  'till  what  remains 
undiflblved  falls  to  the  Bottom  i  for  in  this  Cafe, 
the  Particles  are  not  at  firll  reduced  to  their  fmali- 
cfl  Size,  as  they  always  are  in  a  Solution.  I  think 
therefore  we  may  confider  the  Tranfparency  of  an 
heterogeneous  Fluid  (or  one  that  contains  in  it 
Particles  of  another  Body)  as  the  Criterion  of  a  true 
Solution  ;  and  where  that  is  wanting,  it  is  only  a 
Mixture;  as  when  Water  and  Air  appear  together 
in  Froth,  or  in  a  Cloud,  or  a  thick  Mift,  it  is  only 
a  Mixture  of  thofe  Bodies,  and  not  a  Solution  of 
one  in  the  other. 

This  much  being  premifed  concerning  the  Na- 
ture of  Solutions  in  general,  I  proceed  to  the 
Proof  of  what  I  propofed ;  and  in  Order  to  this, 
1  (hall  (hew  that  there  is  a  mutual  Attraflion  be- 
tween Water  and  Air,  the  fame  that  we  obferve 
between  the  Particles  of  any  two  Bodies,  one  of 
which  diffolves  the  other.  1  (hall  then  compare  in 
feveral  Inilances,  the  Properties  and  EfFe(51s  of 
common  Solutions  with  thofe  of  Evaporation  j 
that  from  the  exafl  Refemblance  between  thefe 
two  Phaenomena,  it  may  appear  that  they  are  na- 
tural 
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tural  Operations  or  Effe(fls  of  a  like  Kind,  and 
therefore  to  be  explained  upon  the  fame  Princi- 
ple, or  afcribed  to  the  fame  Caufe.  Thence  I 
Ihall  fhew,  how  the  Afcent  of  Vapours,  and  feve- 
ral  other  Phasnomena  of  the  Atmofphere  may  be 
accounted  for.  And  laftly,  I  (hall  add  fomething 
on  the  rifing  of  Steam  from  boiling  Liquors,  and 
lliew  wherein  it  differs  from  common  Evapora- 
tion. 

I  am  firfl:  to  prove  that  there  is  an  Attraiflion 
between  the  Particles  of  Air  and  Water.  It  is 
vidl  known,  that  all  Water  contains  a  confiderable 
Quantity  of  Air,  that  retains  its  Elaflicity  by 
Means  of  which  it  may  be  feparated  from  the 
Water,  by  boiling  and  including  it  in  an  exhaufted 
P.eceiver.  And  it  has  been  proved  by  Experiments? 
that  Air  extricated  from  Water  by  boiling,  and 
reilcred  to  its  ufual  Denfity,  will  occupy  a  Space 
greater  than  that  poflefled  by  the  Water  in  which 
it  was  contained.  Now  fince  it  is  allowed  that  the 
Particles  of  fo  heavy  a  Body  as  Gold  are  fufpended 
in  Agiia  Regia  by  their  Attradlion  towards  the  Par- 
ticles of  that  Fluid,  it  feems  reafonable  to  fup- 
pofe,  that  fo  light  and  elaflic  a  Body  as  Air  mud 
be  retained  under  Water  by  a  like  Force,  without 
v/hich  it  would  alv/ays  afcend  to  the  Surface  and 
efcape.    But  that  there  is  really  fuch  an  attradive 

Force 
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Force  between   Air  and  Water,   has  been  fully 
proved  by  the  following  Experiment. 

Let  an  Oil-Flafk  be  filled  almofl  full  with  Wa. 
ter,  deprived  of  its  Air,  as  much  as  may  be ;  let 
the  Moutb  of  it  be  then  (topped,  until  the  Neck 
being  inverted  is  immerfed  in  a  VelTel  of  Water; 
a  Bubble  of  Air  will  then  afcend  into  the  upper 
Part  of  the  Flalk.  When  Things  have  flood  in 
this  Way  for  fome  Days,  the  Water  will  be  found- 
to  have  abforbed  the  whole  Bubble  of  Air  (if  it 
was  not  too  large)  and  entirely  filled  the  Flafk. 
But  if  the  Bubble  was  too  large,  part  of  it  will 
be  left ;  for  the  Water,  after  fome  time,  will  abforb 
no  more  Air,  being  then  fufficiently  faturated 
with  it.  It  is  obfervable  that  a  Part  of  the  in- 
cluded Air  enters  pretty  quickly  into  the  Water 
at  firft,  but  what  remains  afterwards  makes  its 
Way  in  but  very  flowly.  This  Experiment  (hews 
that  Water,  when  deprived  of  its  Air,  will  again 
draw  the  Air  gradually  into  its  Pores  ;  jiift  in  the 
fame  Manner  as  a  Lump  of  dry  Sugar  will  draw- 
up  Water  into  its  Pores,  which  will  afcend  pretty 
quickly  at  firft,  but  very  (lowly  after  fome  Time. 
We  have  Reafon  therefore  to  conclude,  that  there 
is  the  fame  kind  of  Attra(5\:ion  between  Air  and 
Water,  that  there  is  between  Water  and  any  dry 
porous  Body  that  will  imbibe  it. 

G  As 
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As  Water  contains  a  confiderable  Quantity  of 
Air,  fo  does  Air  contain  a  good  deal  of  Water, 
even  when  we  think  it  quite  pure  and  dry  ;  as  ap- 
pears from  the  Moifture  drawn  from  it  by  dry 
Salt  of  Tartar,  in  fuch  Quantity  as  to  make  the 
Salt  become  entirely  fluid.  Now  fmce  the  Air  is 
an  heterogeneous  Fluid  containing  in  it  Particles 
of  another  Body,  and  yet  retaining  a  perfect 
Tranfparency,  which  is  the  Criterion  of  a  true  So- 
lution in  other  Cafes  ;  v/hy  fhould  we  not  infer 
from  Analogy,  that  in  this  Cafe  alfo  there  is  a 
true  Solution  of  Water  in  Air  ? 

But  the  Truth  of  this  will  be  confirmed  by 
farther  comparing  the  Properties  of  common  So- 
lutions with  thofe  of  Evaporation.;  which  I  (hall 
now  do  in  feveral  Inflances. 

Firfl ;  When  a  Body  is  immerfed  In  a  Fluid 
that  difTolves  it,  for  Infl:ance  a  Lump  of  Salt  in 
Water,  we  fee  the  Salt  foon  begin  to  diflblve,  and 
impregnate  with  its  Particles  the  Water  that  fur- 
rounds  it,  which  will  then  appear  thick  and  load- 
ed, and  if  the  Water  be  at  Refl:  the  Solution 
will  proceed  very  flowly ;  but  if  it  be  ftirred 
about,  the  Salt  will  foon  be  entirely  diflblved. 
How  exadly  does  this  correfpond  with  what  Dr, 
Halley  remarked  in  an  Experiment  he  made  on  the 
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Evaporation  of  Water  in  a  clofe  Room  ?  {Phihf. 
Tranf.  No.  192.)  "  The  fame  Obfervations 
**  fays  he,  do  likewife  (hew  an  odd  Qyality  in 
"  the  VapourvS  of  Water,  which  isj  that  of  adhering 
**  to  the  Surface  that  exhales  them,  which  they 
*'  clothe  as  it  were  with  a  Fleece  of  vapourous 
*'  Air,  which  once  invefling  it,  the  Vapour  rifes 
**  afterwards  in  much  lefs  Quantity."  Here  we 
fee,  that  the  Air  which  lay  at  reft  over  the  Water 
appeared  thick  and  loaded  with  the  aqueous  Parti- 
cles, and  then  the  Evaporation  proceeded  very 
flowly;  juft  as  the  Water  that  lies  about  the  Salt, 
appears  thick  and  loaded,  and  while  it  continues 
at  reft,  the  Salt  is  diftblved  but  flowly.  He  alfo 
obferves  on  the  fame  Occafion,  that  Evaporation 
is  vaftly  promoted  by  a  Current  of  frefh  Air  pafl^ 
ing  over  the  exhaling  Surface  :  and  this  I  have  no 
doubt  happens  for  the  fame  Reafon  that  Solution 
is  greatly  promoted  by  Agitation,  which  continu- 
ally brings  frefti  Particles  of  the  Fluid  into  con- 
tact with  the  Body  it  diffolves,  in  the  Place  of 
thofe  that  have  been  already  faturated.  [a] 

G  2  Secondly, 

t  A*]  This  Fleece  of  vapourous  Air  that,  feme  times  hangs  over 
Water,  is  very  difcernable  when  we  ftand  by  the  Sea-fide  in  a 
hot  calm  Day,  and  is  the  Caufe  of  fome  odd  Appearances. 
For  the  lower  Part  of  the  Air^  which  is  then  much  impreg- 
nated with  Water,,  refrads  tKe  Rays  of  the  Light  more  ftrongly 
than  at  other  Times.,  and  by  this  unufual  Decree  of  Refra<5tion, 
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Secondly ;  Into  a  Glafs  of  dear  cold  Water 
throw  a  Lump  of  any  Salt  which  is  foluble  in 
it,  and  when  it  has  flood  a  little  Time,  (hake 
the  Glafs  or  (lir  the  Water  very  gently,  and  the 
Water  which  is  faturated  with  the  Salt  will  rife  up 
among  the  reft  of  the  Water  in  curled  Wreaths 
or  long  Strict  which  will  render  the  Water  fomc- 
what  opake,  cauflng  it  to  refrad  in  different  Di- 
re(51ions  the  Light  of  an  Obje(51:  feen  through  it, 
and  will  make  the  Objeft  appear  to  have  a  tre- 
mulous Motion  -,  this  will  continue  until  all  Parts 
of  the  Water  are  equally  impregnated  with  the 
Salt,  and  then  its  Tranfparency  will  be  reftored. 
As  the  Parts  of  the  Water  which  are  impregnated 
with  the  Salt  are  of  different  Denfities  from  the 
reft,  while  they  are  mixing  together,  they  mufl 
occafion  thofe  Refra6tions  and  this  apparent  tre- 
mulous Motion,  which  will  ceafe  as  foon  as  all 
the  Water  becomes  of  the  fame  Denfity.  The 
very  fame  Appearances  will  attend  the'mixing  to- 
gether of  any  two  Fluids  of  different  Denfities, 
and  which  will  thoroughly  incorporate  with  each 
other. 

Houfcs  on  the  Shore  at  a  Diftance  from  ws  appear  alraoft  as 
high  as  Steeples,  remote  Ships  and  Iflands  and  the  extreme 
Parts  of  Head-lands  or  Promontories  appear  to  be  raifed  quite 
out  of  the  Water,  and  to  hang  in  the  Air  above  its  Surface. 

In 
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In  like  manner,  when  Smoke  or  Steam,  IfTuing 
from  the  Pipe  of  a  boiling  VelTel,  firft  rifes  into 
the  Air,*  it  appears  in  curled  Wreaths  and  renders 
the  Air  opake ;  but  as  foon  as  it  is  entirely  diP 
perfed,  the  Tranfparency  is  reftored.  Thusalfoin 
a  calm,  hot,  Sun-fliine  Day,  when  we  look  along 
a  moifl  Piece  of  Ground,  the  Air  and  any  Objedt 
feen  through  it  appear  to  have  a  tremulous  Mo- 
tion, like  that  which  we  obferve  in  an  Objecft, 
feen  through  two  Fluids  which  are  mixing  together. 
Now,  as  the  Vapours  rife  here  in  great  Abundance 
and  the  Air  has  but  little  Motion,  thole  Parts  of 
it  that  are  much  impregnated  with  aqueous  Parti- 
cles are  mixed  gradually  with  the  Air  that  is  drier 
and  of  a  different  Denfity ;  which  will  occafion 
Refradions  of  the  Light,  and  that  apparent  tremu- 
lous Motion,  juft  now  mentioned ;  and  in  this 
Cafe,  the  Solution  of  Water  in  Air  (if  I  may  yet 
venture  to  call  it  by  that  Name)  is  carried  on  in 
a  Manner  vifible  to  the  Eye,  as  Solutions  are  in 
other  Fluids.  The  fame  tremulous  undulatins: 
Motion  is  more  obfervable,  when  we  look  in  warm 
Weather  through  a  Telefcope,  which  magnifies 
the  Vapours  floating  in  the  Air :  and  from  this 
kind  of  Refraction  the  twinkling  of  the  Stars 
feems  to  arife  ;  with  this  Difference  only,  that  the 
watry  refrafling  Particles  in  the  Day-time  are 
paffing  into  a  State  of  Solution,  whereas  the  Va- 
pours already  diiro]ve4  are  by  the  Cold  of  the 

Night 
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Night  beginning  to  precipitate,  and  return  into 
Particles  large  enough  to  caufe  Refradions  in 
the  Light  of  the  Stars. 

Thirdly;  Heat  promotes,  and  Cold  in  fome: 
Meafure  flops  or  checks  both  Solution  and  Eva- 
poration. Very  hot  Water  will  difiolve  Salt  fooner 
and  in  a  greater  Qiiamity  than  cold  Water  ; 
and  if  a  ftrong  Solution  of  Salt  be  made  in  hot 
Water,  the  Water  when  cold  will  let  go  fome  of 
the  Salt  before  difTolved,  which  will  fall  to  the 
Bottom  in  fmall  Particles  or  fhoot  into  Chryflals. 
Juft  fo  will  Water  evaporate  fafter  in  warm  than 
in  cold  Air  ;  and  the  aqueous  Vapours  fufpended 
in  the  Air  during  the  Heat  of  the  Day,  fall  down 
at  Night  and  form  themfelves  into  Drops  of  Dew, 
or  if  the  Night  be  very  cold  appear  next  Morning 
Chryftalized  in  a  Hoar-frost.  And  thus  if  in 
&  hot  Day  a  Bottle  be  filled  with  any  very  cold 
Liquor,  and  expofed  to  the  warm  Air,  which  to 
lis  feems  very  dry,  a  Dew  will  be  foon  formed  on 
the  outfide  of  the  Bottle  ;  for  the  Air  about  it  be- 
coming cold  will  let  go  Part  of  its  Moifture,  which 
will  be  attracfted  to  the  Surface  of  the  Glafs ;  for 
fhe  fame  Reafon  a  Dew  is  formed  on  the  Infide  of 
the  Windows  of  a  warm  Room  which  on  their 
Otttfide  are  expofed  to  the  cold  Air.  Hence  alfo 
we  may  obferve,  that  as  there  cannot  be  fo  conti- 
Kual  and  copious  an  Evaporation  in  cold  Weather, 
the  Air  will  thexi  be  generally  clearer  than  it  is  in 
liot  Weather, 

.    ■ ,  Heat 
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Heat  Teems  to  promote  Solution,  becaufe  it  ex- 
pands Bodies,  and  thereby  enlarges  their  Pores, 
and  leffens  the  cohefive  Attradion  of  their  Parti- 
cles ;  fo  that  a  Body,  when  hot,  will  more  eafily 
admit  a  diflblving  Fluid  into  its  Pores,  and  its 
Parcicles  not  cohering  together  fo  ftrongly,  as  when 
cold,  will  more  readily  quit  each  other,  and  unite 
themfelves  to  the  Particles  of  _the  Fluid  by  which 
they  are  attracted  j  and  for  the  fame  Reafon  Heat 
will  alfo  promote  the  Evaporation  of  Fluids, 

But  fourthly ;  The  Quantity  of  a  Body  diUolvcd, 
and  of  a  Fluid  evaporated,  in  a  given  Time,  de- 
pends {ca:teris  paribus)  on  its  Quantity  of  Surface^ 
Thus  a  Body  reduced  to  Powder  is  fooner  diflolved 
than  when  it  is  in  a  folid  Form  ;  and  thus  Smoak 
or  Steam  (which  is  Water  reduced  to  very  imall 
particles  by  Heat)  is  much  fooner  difperled  and 
incorporated  with  Air,  than  Water  in  its  ufuai 
Form, 

Fifthly ;  Chymlfts  oblerve,  that  when  Sea-Sak, 
Sal  Ammoniac,  or  Nitre,  is  difiblved  in  Water,  or 
eflential  Oils  in  Spirit  of  Wine,  fome  Degree  of 
Cold  is  produced  in  the  immediate  Att  of  Solu- 
tion ;  and  the  quicker  the  Solution,  the  greater  is 
the  Cold.  By  diflblving  pounded  Ice,  or  rather 
Snow  (whofe  Particles  have  a  greater  Surface)  in 
Spirit  of  Nitre,  a  Degree  of  Cold  has  been  pro- 
duced fo  great  as  to  freeze  Quick-filver.  Cold  is 
likewife  produced  in  the  h€i  of  Evaporation.     For 

if 
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if  Spirit  of  Wine,  or  uEther,  having  the  fame 
Temperature  with  the  Air,  be  rubbed  lightly  with 
a  Feather  over  the  Ball  of  a  Thermometer,  it  will 
iink  as  the  SpiritJevaporate  ;  and  the  quicker  they 
evaporate,  the  faller  will  the  Thermometer  fink; 
thus  I  have  made  Water  freeze  in  a  thin  Glafs  mere- 
ly by  the  Evaporation  of  ^ther  promoted  by  a  Cur- 
rent of  Air.  Water  will  likewife  produce  Cold 
if  it  be  ufed  inftead  of  Spirits,  provided  its 
Evaporation  be  promoted  by  a  itrong  Current  of 
Air.  That  Cold  is  produced  by  the  Evaporation 
of  Water  appears  from  the  Pra6tice  of  Sailors, 
who,  in  hot  Climates,  cool  their  Liquors  by  wrap- 
ping the  Veflels  in  wet  Cloths,  and  hanging  them 
up  where  they  are  much  expofed  to  the  Wind  and 
Sun,  and  wetting  the  Cloths  again  when  they  be- 
come dry. 

This  Obfervation  (hews  a  very  remarkable 
Agreement  between  the  Natures  of  Solution  and 
Evaporation :  How  the  Cold  is  produced  in  either 
Cafe,  I  cannot  pretend  to  fay ;  but  I  muft  beg 
leave  juft  to  apply  this  Fadt,  to  account  for  a  Thing 
■which  1  believe  mod  People  have  taken  Notice  of. 
If  we  rub  Hungary- Water,  or  any  other  volatile 
Spirit  over  our  Hand,  it  will  feel  much  colder 
than  Water,  tho*  they  be  both  of  the  fame  Tem- 
perature, and  will  both  feel  equally  coM,  if  we 
dip  our  Finger  intb  each.  The  Reafon  of  which 
is,  that  the  Spirit  evaporating  much  quicker  than 
the  Water,  produces  thereby  a  greater  Degree  of 
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Cold.  And  (6  ^ther,  if  it  be  applied  in  the  fame 
Way,  will  feel  colder  than  any  other  Spirit,  on 
Account  of  its  nmore  fudden  Evaporation. 

Sixthly  ;  It  is  known,  that  Teftified  Spirit  of 
Wine,  when  purged  of  Air,  will  imbibe  a  large 
-Bubble  of  Air  in  a  much  fhorter  Time  than  Water 
will  do,  and  I  have  myfelf  experienced  the  Truth 
of  this,  which  fhews  that  there  is  a  flronger  At- 
traction, or  v7^7z//y  (as  the  Chymifts  call  it)  between 
Spirit"  of  Wine  and  Air,  than  between  Water  and 
'Air,  and  fince  the  Spirit  evaporates  much  fafler 
than  the  Water,  I  think  we  may  conclude  from 
hence,  that  the  Evaporation  of  Fluids  arifes  from 
an  attradlive  Force  between  their  Particks  and 
■thofe  of  Air.  [b]  But  here  it  mufl  be  oblerved 
that  the  Spirit  is  not  only  more  flrongly  attra(5ted 
by  the  Air  than  Water  is,  but,  being  alfo  more  eafily 

[s]  As  Water  and  Spirit  oF  Wine  are  in  no  degree  vifcid,  they 
may  evaporate  in  Proportion  to  the  Attraction  between  them 
and  Air.  Btit  the  Cafe  is  very  different  in  fuch  Fhiids  as  are 
vifcid ;  for  tho'  I  found  that  Oil  of  Olives,  when  purged  of 
Air,  will  imbibe  a  Bubble  of.  Air  almoft  as  foon  as  Water  doesj 
yet  the  Evaporation  of  Oil,  is  fcarcely  (if  at  all)  fenfible.  The 
Hcafon  of  which  muft  be,  that  the  Attraftion  between  Air  and 
"the  Oil  is  not  able  to  overcome  the  Tenacity  of  its  Particfes 
and  feparate  them  from  each  other,  tho' it  is  fufBcient  to  draw 
into  the  Oil  the  Particles  of  Air,  which  have  no  Attradiofi 
towards  each  other;  ju ft  as  Water  is  drawn  into  a  Sponge, 
tho'  the  Attraftion  of  the  Water  is  not  able  to  feparate  the 
Particks  of  the -Sponge  from  each  other. 
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rarefied  by  Heat,  its  Particles  feem  to  cohere  toge- 
ther more  flightly  than  thofe  of  Water,  and  there- 
fore may  be  more  eafily  feparated  by  the  Attrac- 
tion of  the  Air. 

Seventhly ;  If  into  any  Menjiruum  we  throw  a 
Body,  which  it  difToIves,  and  afterwards  add  ano- 
ther, to  which  the  Menjiruum  has  a  greater  Affinity 
than  it  has  to  the  firft,  it  will  diflolve  the  fecond 
Body,  and  let  go  the  firft,  which  will  be  precipi- 
tated and  fall  to  the  Bottom.     In  the  very  fame 
Manner  will  a  Fluid  let  go  the  Air  it  contains, 
upon  the  Addition  of  another  Body  to  which  it 
has   a   greater    Affinity  than  it  has  to   the  Air. 
Thus  if  to  well  redified  Spirit  of  Wine  we  add 
an    equal    Quantity  of  clear  Water,  thefe  Fluids 
(which   fo   readily  incorporate)  having  a  greater 
Affinity  to  each  other  than  to  the  Air  they  con- 
tain, will  let  go  a  great  Part  of  that  Air,  which 
will  rife  to  the  Top,   or  adhere  in  fmall    Bub- 
bles to  the  Sides  of  the  VefTel.     This,  I  think, 
lliews  that  Air  is  contained   in  thefe  Fluids,    in 
the  fame  Manner   that  the  Particles  of    a  Body 
are   contained  in    a  Menjiruum  that  difTolves  it  ; 
and  hence  I  conclude  that  the  Air  which  is  im- 
bibed by  any  Fluid  is,  properly  fpeaking,  dijfolved 
in  that  Fluid  ;  and  confequently  that  any  Fluid 
which  evaporates,  or  is  imbibed  by  the  Air,    is 
alfo,  properly  fpeaking,  diffolved  in  Air.    Upon  this 
Principle  we  may  fay,  that  Water  is  drawn  out 
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of  the  Air  by  dry  Salt  of  Tartar,  from  Its  having 
a  greater  Affinity  to  that  Salt  than  to  the  Air. 

I  fliould  not  have  been  fo  tedious  in  comparing 
together  the  Natures  of  Solution  and  Evaporation 
in  fo  many  Inftances,  but  that  it  gave  me  an  Op- 
portunity at  the  fame  Time  of  explaining  fome 
of  the  Phasnomena  that  I  at  lirft  intended  to  con- 
fider ;  which  Explanations  I  believe  will  be  ad- 
mitted, if  I  am  right  in  the  main  Point  I  have 
endeavoured  to  prove.     And  really  when  we  con- 
fider  how  cxa{5lly  Solution  and  Evaporation  agree, 
in  their  feveral  Appearances,  Properties  and  Ef- 
fe6ls,  I  think  we  mud  be  convinced  that  they  are 
natural  Operations  of  the  fame  Kind,    and  that 
what  we  call  Evaporation,  is  nothing  more  than' 
a  gradual  Solution  of  Water  in  Air,  produced  and 
promoted  by  the  fame  Means  (to  wit)  Attra<ftion, 
Heat,  and  Motion,  by  which  other  Solutions  are 
efFeded, 

I  fliali  now  endeavour  to  account  for  feveral 
Phjenomena  of  the  Atmofphere  upon  this  Prin- 
ciple, which  will  be  ftill  further  confirmed,  if  it 
be  found  to  anfwer  the  Purpofe  to  v/hich  it  is 
applied. 

The  loweft  Part  of  the  Air  being  prefTed  by  the 
Weight  of  the  Atmofphere  againft  the  Surface  of 
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tlie.  Water,  and  continually  rubbing  upon  it-  by^ 
its  Motion,,  has  thereby; an, Opportunity  of  attradtf 
ing  and  diflolving  thofe  Particles  with  which  it  is 
in  conta6t  and  feparating  them-  from  the  reft  of 
the  Water.  And.fince  the  Caufe  of  Solution  in- 
this  Cafe  is  the  ftronger  Attradtion  of  the  Particles 
of  Water  towards  the  Air,  than  towards  each  other, 
thofe  that  are  already  di0blved  and  taken  up,  will 
be  ftill  further  raifed  by  the.Attra(5lion  of  the  dry 
Air  which  lies,  ov£r.  them,  and  thus  will  diffufe- 
themfelves,  rifmg  gradually,  higher  and  higher^ 
and  thereby,  leave  the  loweft  Air  not  fo.much  fatu*- 
rated,  bat.  that  it  will  be  ftill  able  to  diHolve  and 
take  up,fre(h  Particles  of  Water.  And  thus,  Ice 
or  Snow  wilLevaporate  as  well  asrWater^  its  Parr 
tides,  being  attrad^ed  and  diilolvedi  by  the  Air:^ 
which  is  ftrongly  prefled:  againft.  its- Surface  j  for 
tlio'  Heat  promotes  both  Solution  and  Evaporation, 
.y,et  we  do  not  find. that  in  either  Gafeany.fenllble 
Degree  of  it  abfolutely  neceflary.  [c] 

In  thisManner  will A-Q.UEPU5  Vapours  afcend 
flowlyinto  the  Atmofphcre,,  even  when  we  fuppofc 

Ip]  Water  by  freezing  is  deprived  of  its  Air,  which  we  fee 
gathered  into  Bubbles  through  the  Ice,  therefore  the  Subftancc 
of  the  Ice  being  deprived  of  Air,  will  attraft  the  external  Air 
juore  ftrcngly  than  common  Water  docs,  which  is  faturated 
with  Ain  Axxd.  on  this.  Account,  I  fhould  think  it  probable, 
that  Ice,  notwithftanding  its  Hardnefs,  will  evaporate  almoft  a$ 

faft  as  common  Water. 
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the  Air  almofl  at  reft,  for  I  believe  it  is  never  per- 
fecflly  fo.  .  But  the  Solution  of  Water  in  Air,  and 
Ae  Afcent  of  Vapours,  is  greatly  promoted  by 
tlie  Motion  of  the  Winds,  which  bring  frtfh  and 
drier  Air  into  the  Place  of  that,  which  may  be  al- 
ready faturated  and  loaded  with  Moifture,  carry- 
ing it,  together  with  its  Moifture,  into  the  higher 
Parts  of  the  Atmofphere  and  difperfing  it  into 
all  Qiiartcrs. 

If  wefhould  now  fnppofe  the  Atmofphere  to  re- 
main always  of  the  fame  Temperature  as  to  Heat 
and  Cold,  and  to  have  always  the  fame  Denfity ; 
when  it  was.  once  faturated  with  Water,  all  Evapo- 
ration would  ceafe,  and  the  Vapours  already  raifed 
would  always  remain  fafpended ;  for  a  Fluid,  while 
it  remains  of  the  fame  Temperature  and  Denfity^ 
will  never  let  go  the  Particles  of  a  Body  that  it 
has  diflblved.  We  muft  therefore  confider  what 
are  the  Caufes  which  occafion  the  Air  fometimes 
to  part  with  the  Water  it  has  diftojved,  and 
which  thereby  keep  up  a  continual  Circulation  of 
Vapours  ;  and  thefe  I  fhall  Ihew  to  be  the  frequent 
Vicillitudes  of.  Heat  and  Cold,  Condenfation  and 
Rarefaction,  to  v/hich  the  Atmofphere  is  fub^ 
je<5t. 
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As  to  the  Effeds  of  Heat  and  Cold,  I  have 
already  ihewn  that  the  former  promotes,  and  the 
latter  checks  or  in  fome  Meafure  hinders  Evapo- 
ration as  well  as  other  Solutions  ;  of  which  I  gave 
an  Inftance  in  the  Vapours  that  are  fufpended  in 
the  Heat  of  the  Day,  and  by  the  Cold   of  the 
Night    are   precipitated   and  fuffered  to  coalefce 
into  Drops  of  Dew.     From  the  Snow  that  lies  To 
long  on  the  Tops  of  the  Mountains,    and  from 
the  Experience  of  thofe  who  have  pafTed  over  them, 
we  find  that  the  higher  Parts  of  the  Atmofphere 
are  much  colder  than  the  lower.     Now  tho'  Va- 
pours are  firft   raifed,    and  abound  moft  in  the 
lower  Parts  of  the  Atmofphere,  yet  they  cannot 
there  form  themfelves  into  Clouds,    becaufe  the 
Heat  that  helped  to  difTolve  them,  helps  alfo  to 
keep  them  diflblved.     But  when  they  are  carrie4 
by  the  Winds  into  the  higher  Parts,  where  the 
fame  Heat  is  wanting,  the  cold  Air  will  not  be 
able  to  keep  dilTolved  all  that  are  carried  up,  but 
muft    fufFer  fome  of  them  to  coalefce  into  fmall 
Particles,  which  flightly  attracting  each  other  and 
being  intermixed  with  Air  will    form  Clouds, 
having  the  very  fafne  Appearance  with  Steam  or 
Smoke,  which  alfo    confifts  of  fmall  Particles  of 
Water  mixed  with  Air  and  not  yet  drjjbhed  in  it. 
Thefe  Clouds  when  firft  formed  will  remain  fuf- 
^pended,  though  they  confiH  of  Water,  as  well  as 
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Air ;  becaufe  the  Weight  of  their  Particles  will 
not  be  able  to  overcome  the  Refiilance  they  mufl: 
meet  with  in  defcending  through  the  Air.  For 
when  Bodies  are  diminifhed,  their  Qiiantities  of 
Matter,  to  which  their  Weights  are  proportional, 
decreafe  fafter,  or  in  a  greater  Ratio,  than  their 
Surfaces  to  which  the  Refiilance  they  meet  with 
is  proportional,  and  therefore  in  very  fmall  Parti- 
cles, this  refinance  may  become  greater  than  their 
Weight.  The  different  Heights  at  which  Clouds 
are  formed,  depends  on  the  Quantity  of  Vapours 
carried  up,  and  the  Degrees  of  Heat  in  the  upper 
Parts  of  the  Atmofphere ;  for  the  Vapours  may  al- 
ways afcend  ^till  they  meet  with  Air  fo  cold  or  fo 
thin  that  it  is  notable  to  keep  dillblved  all  that  are 
carried  up  ;  hence  Clouds  are  generally  higher  in 
Summer  than  in  Winter.  When  Clouds  are  much 
increafed  by  a  continual  Addition  of  Vapours, 
and  their  Particles  are  driven  clofe  together  by 
the  Force  of  the  Winds,  they  will  run  into  Drops 
heavy  enough  to  fall  down  in  Rain.  Som^etimes 
the  Clouds  are  frozen  before  their  Particles  are 
gathered  into  Drops,  and  then  fmall  Pieces  of 
them,  being  condenfed  and  made  heavier  by 
the  Cold,  fall  down  in  thin  Flakes  of  Snow, 
which  appear  to  be  Fragments  of  a  frozen  Cloud  ; 
but  if  the  Particles  be  formed  into  Drops,  before 
they    are  frozen,   they   become    Hail-Stones^ 
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When  the  Air  is  replete  with  Vapours,  and  a 
cold  Breeze  fprings  up,  which  it  often  does  frorn 
the  Sea,  the  Solution  of  thefe  Vapours  is  checked, 
and  Clouds  are  formed  in  the  lower  Parts  of  the 
Atmofphere,  and  compofe  what  we  call  a  Mist  or 
Fog.    This  generally  happens  in  a  cold  Morning, 
but  when  the  Sun  has  been  up  for  fome  time,   the 
warm  Air   again  diffolves  thofe  watery  Particles, 
and  it  frequently  clears  up.  In  a  hot  Summer's  Day 
the  Air  lying  over  wet  Marfhy  Ground  is  copioufly 
filled  with  aqueous  Vapours,  but  the  Air  growing 
cooler  after  Sun-fet,  will  not  be  able  to  keep  ail 
thofe  Vapours  diflblved,  but  muf^  let  fome  Part 
of  them  unite  quickly  into  very  fmall  vifiblc  Par- 
ticles, and  form  thofe  Mifls  which  appear  to  rife 
from  Marlby  Grounds  in  a  Summer's  Evening, 
The  Vapours  near  the  Ground  being  more  denfe 
and  copious,  will  be  fiifi:  afFefted  by  the  Cold,  and 
afterwards  thofe  that  are  thinner  and  higher  up, 
lb  that  the  Mift  will  be  low  at  firfi:,  but  will  en- 
creafe  in  Height  afterwards.     But  belides,  thefe 
Grounds  and  the  Water  they  contain  will  acquire 
fuch  a  Heat  from  the  Sun  that  they  may  retain  it 
for  fome  time,  and  communicate  it  to  the  conti- 
guous Air,  fo  that  the  Vapours  may  continue  to 
rife  for  fome  time  after  Sun-fet,  and  will  become 
vifible  when  they  get  up  a  little  Way  into  the 
cooler  Air.     After  a  warm  and  unclouded  Day  in 
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Summer  there  falls  abundance  of  Dew,  and  the 
Air  fcarce  recovers  its  clearnefs  'till  towards  Morn- 
ing, when  it  is  pretty  much  cooled  ;  but  on  the 
firft  Return  of  Heat,  at  Sun-rife  or  a  little  before 
it,  the  Water,  which  is  then  plentifully  fpread  over 
.  the  Ground  and  the  Leaves  of  Trees  and  Plants 
in  very  fraali  Drops,  begins  again  to  diflblve,  and 
while  it  is  difTolving  occafions  that  Haziness  fo 
obfervable  in  a  hot  Summer's  Morning  about  Sun- 
rife  and  for  fome  time  after.  Here  it  may  be 
proper  to  obferve,  that  when  the  Particles  of  Wa- 
ter are  of  a  certain  Size,  they  will  render  the  Air 
equally  opake,  whether  they  are  paffing  into  a 
State  of  Solution,  or  returning  from  it. 

Thofe  cold  thick  Morning  Fogs  I  mentioned 
juft  now  are  often  attended  with  a  very  light  fmall 
Rain ;  for  the  Vapours  are  then  returning  faft. 
from  a  State  of  Solution,  and  we  fee  the  Drops 
at  their  firft  Formation,  and  they  are  fuch  as  we 
generally  meet  with  in  palling  over  high  Moun- 
tains. So  that  it  feems  the  Drops  of  Rain  are 
very  fmall  when  firft  formed  in  the  Clouds  ;  but 
being  driven  about  by  the  Motion  of  the  Air  in 
their  Defcent,  fome  of  them  will  probably  touch 
each  other  and  run  into  a  Drop  of  a  larger  Size, 
and  the  farther  they  have  to  fall,  the  more  will 
their  Size  be  encreafed  before  they  come  to  the 
Ground.  And  for  this  Pvcafon,  the  Drops  which 
fall  from  the  higher  Clouds  in  Summer  are  found 
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to  be  generally  larger  than  they  are  in  Winter, 
when  the  Clouds  are  low.  It  has  been  likevvife 
obferved  that  the  Drops  of  Rain  are  remarkably 
large  that  fall  in  fudden  Thunder-Showers  5  of 
which  the  Reafon  may  be,  that  the  Lightning 
burfting  from  a  Cloud  and  expanding  itfelf  greatly, 
will  fuddenly  remove  the  Air  from  its  Place,  which 
Air  mufl:  therefore  return  to  its  Place  with  great 
Violence,  and  thereby  the  watery  Particles  in  the 
Clouds  will  be  flrongly  agitated  and  driven  againft 
each  other,  by  which  Means  they  will  form  them- 
felves  into  larger  Drops  than  at  other  Times.  Or 
perhaps  it  may  be  faid,  that  when  a  Cloud  is  filled 
with  Lightning,  which  is  the  fame  as  the  electric 
Matter,  the  watery  Particles  like  other  eledlrified 
Bodies,  will  repel  each  other,  but  being  fuddenly 
deprived  of  this  repelling  Matter,  will  by  their 
mutual  Attra(5tion  come  together  again  with  fome 
Velocity,  and  therefore  will  run  into  Drops  larger 
than  ufual. 

When  the  Wind  blows  from  the  South,  it  is 
generally  warm  and  comes  replete  with  aqueous 
Vapours  which  it  has  diflblved,  but  coming  into 
a  colder  Climate  it  cannot  there  keep  the  fame 
Quantity  of  Vapours  diflblved  that  it  did  before, 
and  confequently  mufl  part  with  fome  of  them  and 
let  them  precipitate ;  and  therefore  Southerly 
Winds  generally  bring  tis  Rain.     On  the  other 
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Hand,  when  the  Wind  blows  from  the  North,  or 
any  Point  near  it,  as  it  is  very  cold  it  cannot  have 
diflblved  a  great  deal  of  aqueous  Vapours  where 
it  came  from,  and  therefore  coming  into  a  warmer 
Climate  it  is  ready  to  difTolve  more.  And  on  this 
Account  thefe  Winds,  if  they  continue  long,  are 
foimd  to  be  very  dry  and  parching,  and  are  gene- 
rally attended  with  fair  W^eather. 

Thefe  feem  to  be  the  Effects  of  Heat  and  Cold, 
as  far  as  the  different  Temperatures  of  the  Air  will 
occafion  it  to  difTolve  and  take  up,  or  let  go  and 
precipitate  the  aqueous  Vapours,  in  confequence 
of  which  we  fometimes  perceive  Changes  of  the 
Weather,  even  when  there  is  no  Change  in  the 
Height  of  the  Barometer. 

But  Condenfation  and  RarefaiTtion  will  alfb  have 
the  like  EffedTts  in  promoting  the  Solution  of  Wa- 
ter in  Air,  or  in  occafioning  fome  Part  of  what 
has  been  diffolved  to  return  again  ihto  Water  and 
precipitate.  It  feems  reafonable  to  fuppofe,  that 
denfe  Air  in  which  the  Particles  lie  very  near  each 
other,  Mall  be  better  able  to  difTolve  and  keep 
fufpended  a  Quantity  of  Water,  than  the  fame 
Air  when  diffufed  through  a  greater  Space.  And 
that  this  is  really  To,  we  have  an  experimental 
Proof.  For  when  a  Receiver  is  partly  exhaufted, 
we  fee  the  rarefied  Air  begin  to  let  go  the  Water 
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It  contained,  wh  athering  into  fmall  Particles 
appears  like  Stea  Smoke  falling  to  the  Bottom. 
In  order  to  prov  e  fame  thing  by  other  Expe- 
riments, when  a  '^  Water  or  rather  of  Spirit 
of  Wine  (which  t  -  fafter)  had  flood  for 
fome  time  in  a  cIor  iver  full  of  Air,  I 
rarefied  this  Air  fuddenly.  nting  it  rufh  into 
another  Receiver  that  was  t  "d,  and  imme- 
diately the  Vapour  that  was  l  '^fpended  ga- 
thered into  fmall  Particles  and  tc  in  a_  very 
vifible  Shov/er.  I  alfo  took  from  i.  Dump  a 
large  exhaufted  Receiver  20  Inches  loi.  ing  at 
the  Bottom  a  Brafs  Plate,  with  a  Stop-c  1  the 
Middle  of  it,  when  the  Stop-cock  wa^  _;.•■:  led, 
the  external  Air  rufhing  in  violently,  avn  -fing 
much  rarefied,  let  go  the  Water  it  containv  nd 
threw  it  againfl  the  other  End  of  the  Re  r^ 
where  it  ftuck  on  'the  Glafs,  and  covered  i  '1 
a  thin  Dew,  which  I  found  to  encre^fe  unti 
Receiver  was  almoft  full  of  Air, 

Thefe  Experiments  prove,  that  Air  when  ra 
fied,  cannot  keep  as  much  Water  diflblved  as  . 
does  in  a  more  condenfed  State.  And  hence  we 
mufl  conclude,  that  when  the  Atmofphere  is  fa- 
tu rated  with  Water,  and  changes  from  a  denfer 
to  a  rarer  State,  the  higher  and  colder  Parts  of  it 
efpecially  will  begin  to  let  go  fome  of  the  Water 
before  diflblved ;  which  will  form  new  Clouds  or 
add  to  the  Size  or  Number  of  the  Particles  before 

formed, 


(    6i     ) 

formed,  and  thereby  render  them  more  apt  to 
fall  down  in  Rain.  On  the  contrary,  when  the 
Atmofphere  changes  from  a  rarer  to  a  denfer  State, 
it  will  then  be  able  to  flop  the  Precipitation  of  the 
Water  and  again  diifolve  in  the  Whole,  or  in  Parr, 
fome  of  thofe  Clouds  that  were  formed  before, 
and  confequently  will  render  their  Particles  lefs 
apt  to  run  into  Drops  and  fall  down  in  Rain. 
And  thus  we  generally  find  by  Experience,  that 
the  rarefied  and  condenfed  States  of  the  Atmof- 
phere are  refpe(ftively  attended  with  Rain ,  or  fair 
Weather.  Though  this  does  not  happen  at  all 
times,  for  the  Air,  tho'  rarefied,  may  not  then 
abound  much  wit'h  aqueous  Vapours,  having  al- 
ready parted  with  a  good  deal  of  them.  So 
likewife  when  the  Air  is  denfe  and  heavy  it  may 
then  be  much  loaded  with  aqueous  Vapours,  which 
will  encreafe  its  Weight,  (and  indeed  it  mufl:  be 
fo  after  a  long  continuance  of  fair  Weather)  and 
we  may  then  have  Rain  even  before  we  can  per- 
ceive by  the  Barometer,  that  the  Atmofphere 
changes  to  a  rarer  State,  [d] 

Upon 


^d]  The  Vapoiirs  raifed  into  the  Atmofphere  will  certaiiily 
add  fomewhat  to  its  Weight,  h\il  the  Difference  in  the  Quantity 
of  Water  contained  in  the  Air  at  one  time  and  at  another  cannot 
make  any  confiderable  Change  in  its  Weight.  For  the  Qi^an- 
tity  of  Rain  has  been  accairatcly  meafured  that  /alls  {communihus 
tfK«/V)  in  feveral  Parts  of  Enrope^  and  by  taking  thefe  Quantities 
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Upon  this  Principle,  I  think  we  may  account 
for  the  Changes  of  the  Weather,  which  ufually 
attend  the  rifing  and  falhng  of  the  Mercury  in  the 
Barometer,  better  than  by  faying,'  that  when  the 
Air  grows  rarer  and  hghter,  it  cannot  by  the  Laws 
of  Hydroilaticks  fo  well  fapport  the  Clouds  and. 
Vapours,  and  therefore  muft  permit  them  to  fall 
down  in  Drops  of  Rain.  For  when  the  Air 
grows  rarer,  altho'  the  Clouds  will  defcend  into 
a  lower  and  denfer  Part  of  it,  yet  they  will  be 
there  fupported,  and  I  do  not  fee  why  their  Par- 
ticks  fhould  be  more  apt  to  run  into  Drops  there, 
than  when  they  were  higher  up,  unlefs  they  re- 
ceived fome  Addition  from  the  Water  depofited 
among  them  by  the  rarefied  Air,  in  the  Manner  I 


at  a  Medium,  I  find  that  in  any  one  Place  there  will  generally 
fall,  one  Year  with  another,  as  much  Rain  as  would  amount 
altogether  to  the  Height  of  28  Inches,  which  is  equivalent  in 
Weight  to  two  Inches  of  Mercury;  if  therefore  we  were  to 
luppofe  this  whole  Qiiantity  of  Rain  to  be  fufpended  in  the  Air 
at  one  Time,  and  then  to  fall  before  any  more  Vapours  were 
taken  up,  the  Mercury  in  the  Barometer  would,  on  that  Ac- 
count, fall  two  Inches.  But  we  cannot  make  fuch  a  Suppofition, 
for  the  Rain  falls  in  fmall  Qiiantities  and  at  diiferent  Times, 
and  the  aqueous  Vapours  are  again  taken  up  into  the  Air  im- 
mediately ;  fo  that  the  Difference  in  the  Qiiantity  of  Water  fuf- 
tained  in  the  Air,  at  one  Time  more  than  at  another,  can  add 
hy  its  Weight  but  very  little  to  tlie  Height  of  the  Mercury  in 
the  Barometer^  probably  not  fo  much  as  the  tenth  Part  of  an 
Ji:ch.      ,  ■  . 
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have  jufl:  now  mentioned.  For  fince  the  Air  is 
rarefied  gradually,  the  Clouds  can  ■  defcend  but 
very  flowly,  and  therefore  their  Particles  will  not 
be  Co  much  prelTed  together  by  the  Refiilance  they 
meet  with  in  their  Defcent,  as  they  generally  are 
by  the  Winds  which  blow  upon  them. 

When  the  Atmofphere  is  faturated  with  Water, 
and  grows  colder  and  rarer  than  it  was  before, 
we  Ihall  then  perceive  the  lower  Air  begin  to 
part  with  fome  of  the  Water  it  contains,  which 
will  fall  infenfibly  to  the  Ground,  or  adhere  to  the 
Walls  of  Houfes,  or  other  Bodies  expofed  to  it,  and 
make  them  become  damp  or  wet.  And  if  the 
Moifture  fettles  on  the  fmooth  Surfaces  of  cold 
Bodies,  fuch  as  Marble  or  other  Stones,  whole 
Pores  cannot  imbibe  it,  it  will  cover  them  with  a 
kind  of  Dew,  and  then  thofe  Bodies  are  vulgarly 
faid  to  Sweat.  At  this  time  the  Hygrometer 
being  affeded  by  the  Moilture  will  point  to  IVET, 
and  as  we  perceive  from  thence,  that  the  Air  is 
difpofed  to  part  with  the  Water  it  contains,  we 
may  generally  expedl  Rain.  But  when  the  Air 
again  grows  warm  or  denfe,  it  will  be  able  again 
to  diffolve  and  take  up  the  Water  it  before  depo- 
fited,  and  the  Moifture  on  the  Bodies  expofed  to 
it  will  difappear,  the  Hygrometer  v/ill  point  to 
DRT,  and  we  m.ay  then  promife  ourfelves  fair 
Weather. 

I  obferved 
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I  obfcrved  before  *  that  if  a  Bottle  be  filled  with 
a  very  cold  Liqaor  and  expofed  to  warm  Air,  a 
Dew  will  foon  be  formed  on  its  Surface,  by  the 
Moifture  which  the  cooled  Air  depofites.  Now  if 
we  fuppofe  this  Body  dill  to  retain  the  fame  De- 
gree of  Cold  whilft  the  Air  paffes  over  it,  the  Dew 
on  its  Surface  will  continually  encreafe  and  run 
down  its  Sides  in  fmall  Streams  of  Water.  This 
feems  to  be  exactly  the  Cafe  of  Mountains  whofe 
Tops  reach  into  the  colder  Parts  of  the  Atmofphere, 
and  which  therefore  are  themfelves  colder  than 
the  Air  in  general.  For  when  the  Wind  blows 
the  lower  Parts  of  the  Atmofphere  (which  are  the 
warmefl  and  mofl  replete  with  Vapours)  again fl; 
the  Sides  of  the  Mountains,  it  being  there  flopped 
in  its  Courfe,  muft  neceflarily  afcend  and  pafs  over 
their  Tops ;  this  Air  will  therefore  be  confiderably 
cooled  in  its  Progrefs  up  the  Sides  and  over  the 
Tops  of  the  Mountains,  and  confequently  muffc 
let  go  a  great  Part  of  the  watery  Vapours  it  con- 
tains ;  which  will  be  precipitated  in  Dew  and 
Moiflure,  upon  the  Surface  of  the  Mountains 
where  it  will  fmk  into  the  earthy  Parts,  or  inli- 
nuate  itfelf  into  the  Chinks  and  Crevices  of  Rocks, 
and  being  there  collected  will  afterwards  break  out 
in  Springs  and  Fountains,  and  become  the 
Source  of  Rivers,  which  are  known  to  take  their 
Rife  in  mountainous  Countries.  And  on  this  Ac- 
count 
f  Page  46. 
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count  we  might  have  fmall  Springs  and  Rivers 
near  Mountains  tho"*  there  were  neither  Clouds  nor 
Rain.  But  the  Moifture  which  the  Air  ufualiy 
depofits  on  the  Mountains  muft  be  confiderably 
encreafed  by  the  Clouds  which  are  driven  againfl 
.them,  and  accumulated  by  the  Winds,  for  their 
Particles  being  then  prefled  together  will  run  into 
fmall  Drops  of  Rain.  Befides,  it  is  v/ell  known 
that  Mountains  gather  and  retain  the  Clouds 
about  them  by  their  Attraction,  in  confequence 
of  which  we  often  fee  fome  Clouds  continue  at 
reft  on  the  Mountains,  whilft  the  others  are  carried 
en  gently  by  the  Wind.  Hence  it  is  that  Coun- 
tries in  the  Neighbourhood  of  high  Mountains  are 
the  moft  fubjed  to  frequent  Rains. 

Thus  I  have  (hewn  how  the  Afcent  of  aqueous 
Vapours  and  their  conftant  Circulation,  by  pre- 
cipitating again  in  Moifture  and  Drops  of  Rain, 
will  arife  from  the  dilTolving  Power  of  the  Air, 
influenced  by  the  Viciflitudes  of  Heat  and  Cold, 
Condenfation  and  Rarefaction ;  which  Caufes,  as 
they  take  Place  in  different  Degrees,  will  occafion 
thofe  various  States  of  the  Atmofphere  in  refpe-ft 
to  Drynefs  or  Moifture  which  we  experience  in 
the  feveral  Changes  of  the  Weather.  To  which 
the  Winds  contribute  very  much  by  heating  or 
cooling,  condenfmg  or  rarefying  the  different 
Pans  of  the  Atmofphere,  and  by  promoting  the 
Solution  of  Water  in  Air,    as  they    mix   thofe 

K  Fluids 


(    66   ) 

Fluids  together,  or  (when  the  Air  is  already  fa- 
turated  with  aqueous  Vapours,)  by  prefling  toge- 
ther the  Particles  in  the  Clouds,  and  thereby 
caufing  them  to  run  into  Drops. 

If  we  may  thus,  from  the  known  Properties  of 
Solution,  account  in  a  fatisfadory  Manner  for  the 
Afcent  and  Circulation  of  aqueous  Vapours,  and 
the  feveral  Phagnoraena  of  the  Atmofphere  arifmg 
from  thence  ;  it  rauft  be  a  great  Confirmation  of 
the  Arguments  brought  to  prove  that  Evaporation 
is  only  a  particular  Species  of  Solution  j  and  there* 
fore  that  they  both  proceed  from  the  fame  Caufe, 
viz.  the  Attradion  that  obtains  between  the  mi- 
nute Particles  of  different  Bodies,  which  is  the 
Means  of  carrying  on  fo  many  other  Opera- 
tions of  Nature. 

And  indeed  upon  this  principle,  Air  feems  better 
fitted  to  be  a  general  Solvent  than  any  Fluid  we 
know  of;  becaufe  its  Particles,  not  attracting  each 
other,  are  more  at  liberty  to  unite  themfelves  to 
the  minute  Particles  of  fuch  Bodies  as  they  do  at- 
tra(5t.  And  accordingly  we  find  the  Atmofphere 
contains  in  it  Matter  of  all  kinds.  The  odoriferous 
Particles  of  Bodies  feem  to  be  flrongly  attrafled 
by  the  Air,  as  they  are  fo  very  readily  difperfed 
thro'  it ;  and  Camphor,  which  is  a  very  light  Vo- 
latile 
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latile  Body,  may  be  entirely  dillblved  In  Air  with- 
out leaving  any  Remainder.     The  Air  abounds 
with  Vitriolic  and  other  Acids,  as  is  plain  from 
the  rufting  of  Iron  expofed  to  It.     It  abounds  alfg^ 
with  fulphurous,   nitrous,  and  other  inflammable 
Particles,    as  appears   by  the   frequent  Meteors 
kindled  in  it.  For  we  have  many  Subflances,  fuch 
as  ftrong  Acids  and  eflential  Oils,  which    being 
thrown  together  will  unite  with  llich  Violence  as 
/uddenly  to  burft    into  a  Flame,    and  therefore 
when  the  Particles  of  thofe  Bodies,  floating  pro- 
mlfcuoufly  in  the  Air,  happen  to  come  together  in 
a  fufficient  Quantity  by  their  mutual  Attraction 
(which  we  know  is  very  fl:rong)  they  mufl  kindle 
into  a  Flame,   and  if  many  Particles  of  the  in- 
6ammable  Kind  lie  contiguous,  the  Fire  will  run  in 
a  Train  and  form,  what  we  call,  fhooting  Stars, 
and  other  blazing  Meteors,     In  fliort,  the  Atmof- 
phere  may  be  conftdered  as  a  Chaos  contair^ing 
particles  of  all  forts  of  Bodies;  and  as  the  great 
Inftrument  of  Nature  for  keeping  up  a  general 
Circulation  of  Matter  •,   and  by  which  not  only 
Water  is  every  where  difperfed,    but  oftentimes 
the  Eggs  of  Infefls  and  the  Seeds  of  Plants  are 
conveyed  from  Place  to  Place,  both  which  have 
been  found  in  Rain-water,  on  examining  it  care- 
fully jufl:  after  it  had  fallen ;  and  indeed  we  fome- 
tlmes  find  Infed^s    and  Plants  in    fome    Places 
where  their  Appearance  cannot  v/ell  be  accounted 
K  2  for, 
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for,  othervvife  than  by  fuppofing  their  Eggs  and 
Seeds  to  be  conveyed  thither  by  the  Air. 

I  (hall  now  mention  two  other  Inflances 
in  which  this  diflblving  Power  of  the  Air  pro- 
duces EfFecfts  of  the  utmoft  Importance.  Dr. 
Boerhaave,  fpeaking  of  that  Power  or  QuaUty 
of  Air,  which  makes  it  neceffary  for  thePre- 
fervation  of  Animal  Life  ;  calls  it  a  certain  hid- 
den Virtue,  not  to  be  accounted  for  from  any  of 
the  Properties  of  Air  then  difcovered.  Perhaps 
we  may  be  led  to  fome  Knowledge  of  it,  by  con- 
fidering  on  what  account  Air  may  become  unfit 
for  Refpiration  by  paffing  two  or  three  times  thro* 
the  Lungs  of  an  Animal,  for  we  find  that  an 
Animal  inclofed  in  fuch  Air  will  foon  expire.  I 
think  we  may  be  fure  that  one  Purpofe,  at  leafl:, 
for  which  Air  was  defigned  is,  the  carrying  off 
that  Moifture  and  other  perfpirable  Matter  which 
conflantly  exhales  from  the  Lungs,  for  this  we 
know  it  adually  does.  Now  as  Air  lofes  nothing 
of  its  Elafticity  by  palling  thro'  the  Lungs,  an 
Animal  might  ftill  continue  to  breathe  the  fame 
Air,  and  it  would  ftill  continue  fit  for  all  fuch  Pur- 
pofes  in  the  Animal  Oeconomy  as  may  be  anfwer- 
ed  by  the  alternate  Expanfion  and  Contra(5tion  of 
the  Lungs  in  Refpiration.  But  this  Air  muft  in  a 
Ihort  Time  become  faturated  with  that  Moifture 
and  other  perfpirable  Matter  which  it  meets  with 

in 
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in  the  Lungs,  and  mull  then  lofe  its  Power  of  dif- 
folving  and  carrying  off  any  more  of  that  kind  of 
Matter  i  which  Nature  intends  fhould  be  conftantly 
difcharged,  and  which  will  therefore  continually 
encreafeand  thereby  opprefs  the  Lungs,  heat  the 
Blood,  or  produce  fuch  other  noxious  Effef^s  as 
are  more  immediately  fatal  than  thofe  arifing  from 
the  floppage  of  external  Perfpiration.  So  that  an 
Animal  inclofed  in  fuch  Air  cannot  live  long,  and 
will  perhaps  die  fomewhat  in  the  fame  Manner  as 
if  it  had  been  drowned,  [e]  Whether  the  Air  we 
breathe  may  depofite,  in  our  Lungs,  any  kind  or 
Matter  neceflary  to  the  Support  of  Life,  I  cannot 
pretend  to  judge,  nor  is  it  my  Defign  to  enquire ; 
what  has  been  faid  fhews  the  neceffity  of  frefh  Air 
in  Refpiration,  and  by  what  Property  it  is  adapted 
to  anfwer  one  very  important  Purpofe,  and  alfo 
how  Air  may  foon  become  unfit  for  that  Purpofe. 
But  here  I  will  venture  to  alk,  whether  it  is  not 
probable,  that,  in  the  conftant  and  quick  Evapora- 
tion of  Moiflure  from  the  Lungs,  fome  Degree  of 
Cold  may  be  produced;  as  in  other  Evaporations 

which 

[e]  As  Air  even  when  incorporated  with  Water  retains  its 
Elafticity,  I  took  it  for  granted  that  it  would  not  become  lefs 
claftic  by  paffing  thro'  the  l^uugs  of  an  Animal.  But  finding 
that  the  contrary  Opinion  was  held  by  fome,  who  fiippofed 
that  Air,  having  pafled  thro'  the  Lungs  of  an  Animal,  became 
unfit  for  Refpiration  by  lofing  its  Elafticity,  I  refolved  to  try 
bow  the  Fa(a  was  by  the  following  Experiment.    In  a  Receiver 

ciglit; 
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which,  together  with  the  freOi  Air  taken  in,  may 
ferve  to  cool  the  Lungs  and  the  Blood  pafling  thro* 
them  ?     We  may    fee    from  hence    that   moid 

Air 

«ght  Inches  in  Diameter  and  twelve  Inches  high,  having  under 
it  a  Piece  of  oiled  Leather,  I  included  a  pretty  large  Chicken, 
and  tied  the  Receiver  clofe  down  to  the  Table ;  thro'  a  Hole 
in  the  Top  of  the  Receiver  went  a  Glafs  Tube,  open  at  both 
Ends,  cemented  round  the  Hole  with  Wax ;  the  lower  End  was 
immcrfed  in  Water  (tinged  blue)  which  ftood  in  a  Glafs  under 
the  Receiver. 

In  about  an  Hour  after  the  Chicken  was  included  it  grew 
much  diftrefTed,  gaped  wide  and  breathed  with  great- difficulty, 
and  in  half  an  Hour  more  it  feemed  almoft  ready  to  expire  } 
the  Infide  of  the  Receiver  was  then  covered  with  Moifture 
which  in  fome  Places  ran  down  in  Drops. 

Now  if  the  included  Air  had  loft  any  of  its  Elafticity  by 
palling  thro'  the  Lungs  of  this  Animal,  it  could  not  have  prefled 
fo  ftrongly  on  the  Water  in  the  Glafs  as  it  did  at  firft,  and 
then  the  external  Air  would  have  prefled  thro'  the  Tube,  and 
appeared  coming  up  through  the  Water  in  Bubbles.  But  no 
fiich  Thing  happened,  for  as  foon  as  the  Receiver  was  tied  down, 
the  Water  in  the  Tube  rofe  about  one-fifth  of  an  Inch  above  the 
Water  in  the  Glafs,  and  fo  continued  during  the  whole  Time  of 
the  Experiment,  except  that  it  rofe  and  fell  near  one-tenth  of  an 
Inch  every  time  the  Chicken  breathed  ;  and  thefe  Vibrations  of 
the  Water  in  the  Tube  I  obferved  grew  flower,  and  moved  thro' 
a  greater  Space  towards  the  latter  End  .of  the  Time.;  which 
fhewed  that  the  Chicken  then  took  in  more  Air  eyery  Time  it 
breathed,  than  it  did  at  firft,  endeavouring  thereby  .to  throw 
oiF  the  Moifture  which  then  opprefTed  its.Lungs.  After  Thing? 
had  ftood  thus  above  an  Hour  and  a  Half,  thofe  who  faw  thq 
Experiment  were  convinced  that  the  included  Air  had  not  lofi 
any  of  its  Elafticity,  tho'  grown  quite  unfit  for  Refpiration.,  the 
Animal  being  ready  to  expire  in  it. 
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Air  muft  be  Tery  unwholefome  by  its  not  fuffici- 
ently  promoting  the  necelTary  Perfpiration  both 
internal  and  external. 

Air  is  not  lefs  neceflary  for  the  Support  of  Fire 
than  of  animal  Life ;  for  Fire  will  not  long  continue 
to  burn  without  a  Circulation  of  Air.  Now  I  fup- 
pofe  this  happens,  not  from  its  adding  any  thing  to 
the  Pabulum  of  Fire,  (for  Fire  feems  to  be  othervvife 
fufficlently  provided  with  Pabulum)  but  rather  on 
this  Account  j  that  the  Air  immediately  about  a  Body 
on  Fire  is  heated  and  made  fpecifically  lighter  than 
the  Air  at  fome  Diftance  from  it ;  I'his  hot  Air 
muft  therefore  afcend  and  carry  with  it  all  thofe 
minute  Particles  of  different  kinds  which  are 
thrown  off  frorn  the  burning  Body,  and  which 
would  otherwife  reft  upon  its  Surface,  and  thereby 
clog  and  ftop^  the  fubtile  Vibrations  of  the  burning 
Matter,  in  which  the  Nature  of  Fire  partly  con- 
fifts.  If  therefore  Fire  be  confined  in  a  clofe 
Place,  where  there  can  be  no  Circulation  of  frefti- 
Air,  the  Air  about  it,  being  foon  faturated  with 
the  Particles  arifing  from  the  burning  Matter,  will 
not  be  able  to  take  up  any  more  of  them,  and 
therefore  the  Fire  muft  go  out,  fmothered  as  it  were 
with  fuch  Particles  as  are  no  longer  combuftible. 
And  hence  it  is  that  Fire  burns  fafter  when  Air  is 
ftrongly  blown  upon  it,  for  then  the  Aihes  are 
carried  off  as  faft  as  they  are  formed  on  the  Sur* 
face  of  the  burning  jBcdy,  and  thereby  the  Parti- 
cles 
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cles  that  have  jufl:  taken  Fire  are  kept  cjuite  free 
from  any  thing  that  can  impede  and  clog  their  vi- 
bratory Motion.  The  Air  in  this  Cafe  will 
alfo  fpread  the  Fire  quickly-  thro*  the  Fuel 
by  blowing  the  Particles  that  are  already 
kindled  among  thofe  that  are  not ;  and  perhaps 
the  Motion  of  the  Air  in  this  Cafe  may  promote 
the  fubtile  Vibrations  in  the  burning  Matter  by 
which  the  Fire  is  propagated  thro*  its  Parts. 

To  this  general  Obfervation,  that  Air  is  necef- 
fary  for  the  Support  of  Fire,  we  muft  admit  one 
Exception  ;  for  Nitre  will  burn  in  a  clofe  Veflel  or 
in  Vacuo.  The  Caufe  of  this  fingular  Phasnomenon 
1  (hall  endeavour  to  affign  from  what  has  been 
fa  id.  Nitre,  when  fet  on  Fire,  burns  with  more 
Rapidity  and  Violence  than  any  Body  we  know  of, 
it's  burning  is  a  kind  of  Explofion  and  produces  a 
very  fierce  and  elaftic  Flame,  for  which  Reafon  it 
is  a  neceflary  Ingredient  in  Gun-powder,  Pulvis 
fuJminans,  and  all  other  fulminating  Compounds. 
When  therefore  a  Piece  of  Nitre  takes  Fire,  its 
elaftic  Flame  drives  off  the  Fumes  and  Vapours 
(with  which  the  Air  in  the  Veflel  may  be  then 
faturated)  and  defends  the  burning  Matter,  fo  that 
they  cannot  fettle  upon  it  and  extinguifh  it,  as  they 
do  other  Bodies  that  burn  flowly  and  without  any 
Explofion.  And  on  this  Account  Nitre,  and  other 
inflammable  Matter  mixed  with  it,  will  burn  in 
clofe  VeiTels  or  even  in  Facuo.  This  will  further  ap- 
pear from  confidering  the-  Manner  in  which  Nitre 

firfl 
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firft  takes  Fir"?,  and  the  Reafon  of  Its  e:Kploding  Qiia- 
lity.  Nitre  will  aot  burn  by  itfelf  tho'  melted  and 
made  red  hot,  but  when  it  comes  in  Contadt  with 
any  Body  adually  on  Fire,  and  which  therefore 
contains  an  inflammable  Matter,  or  (as  it  is  called) 
the  Phlogijiotiy  it  burfls  into  a  Flame.  Here  the 
Chymifts  fay,  that,  the  acid  Spirit  of  the  Nitre 
unites  fo  rapidly  with  tht  Phlogifloriy  which  is  de^ 
tached  from  the  burning  Matter,  that  by  the  Vio- 
lence of  their  Congrefs  they  both  vaniHi  together 
in  a  Flame.  And  they  prove  this  to  be  fo,  by 
throwing  flrong  Acid  of  Nitre  on  any  thick  ef- 
fential  Oil,  which  confifts  almoft  wholly  of  the 
Phlogijlon,  for  then  the  Mixture  will  fuddenly 
burft  into  a  Flame  with  a  violent  Explofion. 
Therefore  fo  long  as  Nitre  and  the  inflammable 
Matter  are  thus  in  Conta^ft,  no  Fumes  or  Vapours 
floating  about  them  can  prevent  that  rapid  Union 
between  their  Parts  which  muft  neceifarily  make 
them  continue  to  burn.  The  Air,  which  is  pro- 
duced from  burning  Nitre  may  poffibly  add  to 
the  Elafticity  of  its  Flame.  But  I  do  not  think 
•it  probable  that  this  Air  can  contribute  much  to 
keep  a  large  Quantity  of  Nitre  burning  fo  long  afi 
it  will  do  in  a  clofe  Velfel. 

Having  thus  (hewn  by  what  Property  Air  pro- 
duces the  Evaporation  of  Fluids  and  feveral 
other  EfFeds,  I  come  now  ta  treat  of  thofe 
Vapours    that   arc  raifed  merely  by   Heat.     Al- 

L  though 
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though  the  Particles  of  Fluids  in  common 
Evaporatidn  are  raifed  into  the  Atmofphere  by 
the  attra(5ting  and  diflblving  Power  of  the  Air, 
yet  in  fome  particular  Cafes  Vapours  will  rife  into 
the  Air  on  another  Account.  For  in  fome  Places 
the  Earth  often  fends  forth  hot  elaftic  Vapours 
that  rife  into  the  Air  by  Means  of  their  Elafticity, 
and  carry  up  with  them  Mineral  and  Foflile  Parti- 
cles of  different  kinds.     Fermentation  generates 

a.  . 

elaltic  Vapours  which  exptnd  themfelves  into  the 
Air.  And  the  Particles  of  Water  and  other  Fluids, 
when  fuffictently  heated,  acquire  a  repelling  Force 
which  feparates  them  from  the  Surface,  and  throws 
them  upwards  into  the  Air.  But  all  thefe  Vapours 
foon  lofe  that  Elafticity  by  which  they  were  at  firft 
raifed,  and  they  muft  then  be  retained  and  kept 
fufpended  in  the  Air  by  the  fame  Power  that  keeps 
up  all  the  Vapours  that  rife  without  any  Elafticity 
in  common  Evaporation. 

That  the  Particles  of  Steam  which  rife  from 
hot  Water  are  endued  with  a  repelling  Force  ap- 
pears plainly  when  Water  is  boiled  in  a  clofe  Vef- 
fel,  for  then  the  Steam  becomes  fo  exceedingly 
elaltic  that,  unlefs  proper  Care  be  taken,  it  will 
burft  the  ftrongeft  Veflel.  In  this  Cafe  the  boiling 
Water,  being  ftrongly  preffed  by  the  Force  of  the 
included  Steam,  conceives  a  much  greater  Heat 
than  it  will  ever  do  in  an  open  Veffel ;  for  even 
when  Water  is  boiled  in  the  open  Air  it  is  fome- 

what 
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^what  hotter  when  the  Atmofphere  is  heavy,  than 
v;hen  it  is  light,  which  lliews  that  PrefTure  upon 
boiling  Water  encreafes  its  Heat ;  the  Reafon  of 
which  we  may  perhaps  (ee  prefently.  But  the 
moft  remarkable  Phsenomenon  that  attends  the 
boiling  of  Water,  is  the  large  Bubbles  which  con  - 
tinue  to  rife  from  the  Bottom  fo  long  as  the  Water 
boils,  and  long  after  all  the  Air  is  driven  out  of  it, 
of  the  Nature  of  which  there  have  been  various 
Opinions.  Do6lor  Boerhaave,  in.  his  Elements  of 
Chymiflry,  proves  by  feveral  Arguments,  that  thefe 
Bubbles  do  not  arife  from  Air,  and  with  regard 
to  their  Produflion,  he  feems  to  be  of  the  fame 
Opinion  with  Stairs  (to  whofe  Work  he  refers)  that 
they  arife  frpm  fome  a6live  Fires  refiding  in  the 
Water.  Marriotte,  whom  he  alio  mentions  on 
this  Occafion,  calls  thefe  Bubbles  Culminations^  and. 
fuppofes  that  they  may  proceed  from  fome  kind  of 
faline  Particles  contained  in  the  W^ter,  which^ 
being  heated,  adt  in  the  fame  Manner  that  the 
Aurum  fulminam  does  when  melted.  It  has  been 
alfo  a  Received  Opinion  that  thefe  Bubbles  are  oc- 
cafioned  by  fome  fubtile  elallic  Fluid  tranfmitted, 
from  the  Fire  through  the  Bottoni  of  the  Vellel. 
However  I  conceive  that  a  ^luid  fo  fubtile  as  to, 
pafs  thro'  the  Bottom  of  the  Velfel,  woiild  pafs 
alfo  thro'  the  Water  fo  eafily  as  not  to  difturb  it ;. 
and  therefore  I  have  for  fome  time  fufpedled,  that 
thefe  Bubbler,  are  formed  only  by  an  el^ftic  Steam 
ux  the  Manner  I  (hall  now  defcribe.    The  Particles 
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cn  the  Surface  of  the  Water,  long  before  it  boils, 
will,  by  Means  of  the  repelling  Force  which  the 
Heat  introduces  among  them,  rife  in  Steam  and 
will  inllnuate  themfelves  into  the  Air  which  yields 
eafily  to  them  ;  but  thofe  Particles  that  are  prefled 
againfl:  the  Bottom,  by  the  Weight  of  the  Atmof- 
phere,  and  of  the  incumbent  Water,  v/ill  require 
a  greater  Degree  of  Heat  to  render  them  fo  elaftic 
that  they  fhall  be  able  to  overcome  this  Prefiiire, 
and  expand  themfelves  into  a  greater  Space. 
Now  fince  Heat  expands  Water  and  makes  its 
Particles  repel  each  other,  according  to  its  differ- 
ent Degrees,  we  muft  fuppofe  that  thefe  Particles, 
from  their  being  in  contact  with  the  Bottom  of  the 
V&Uhl,  will  at  length  acquire  fuch  a  Degree  of 
Heat  as  will  give  them  a  repelling  Force  fufficient 
to  overcome  the  PrelTure  they  fuftain,  and  to  ex- 
pand them  fuddenly  into  thofe  large  Bubbles  that 
afcend  thro-*  the  Water  when  it  boils  vio.^ 
lently. 

I  have  lately  made  fome  Obfervations  and  Ex- 
periments which  feem  to  confirm  this  Opinion, 
Thefe  Bubbles  which  afcend  from  the  Bottom,  I 
obferved,  always  grow  lefs  in  their  Progrefs  up- 
wards, and  thofe  fmall  Bubbles,  that  adhere  to 
the  Bottom  for  fome  time  before  they  afcend,  often 
difappear  entirely  before  they  reach  the  Surface, 
which  fhews  that  when  the  Matter  they  contain, 
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or  any  Part  of  it,  lofes  the  Heat  it  had  at  firfl,  it 
is  ag^in  turned  into  Water. 

When  Water  that  has  jufl  boiled,  or  Is  even 
confiderably  lefs  hot  than  Itoiling  Water,  is  pour- 
ed into  a  Glafs  and  fet  under  the  Receiver  of  an 
Air-Piimp,  and  the  Air  is  almoft  drawn  out,  the 
Water  will  boil  more  violently  than  it  does  on  the 
Fire,  the  Bubbles  breaking  out  from  all  Parts  of 
it.  In  this  Cafe,  no  fubtile  Fluid  can  be  fup- 
pofed  to  rife  thro'  the  Bottom  of  the  Yz^tl^  but 
the  Heat  which  the  Water  retains  will  then  give 
its  Particles  an  elaftic  Force  fufficient  to  overcome 
the  Preflure''of  what  little  Air  remains  in  the  Pve- 
ceiver,  and  will  expand  them  into  Bubbles.  And 
that  thefe  Bubbles  are  compofed  of  Steam  appears 
plainly  from  this  Experiment,  for  as  foon  as  they 
begin  to  afcend  the  Receiver  is  filled  with  Steam, 
which  being  condenfed  by  the  Cold  runs  plenti- 
fully down  its  Sides  in  Water.  From  hence 
we  may  fee  the  Reafon  why  Water  in  Vacuo  boils 
with  a  very  fmall  Degree  of  Heat. 

After  a  Veflel  of  W"ater  had  boiled  till  all  the 
Air-Bubbles  were  driven  out  of  it,  I  turned  upon 
its  Mouth  a  large  Glafs  that  lay  under  the  Water ; 
the  Bubbles,  that  afcended  under  the  Glafs,  re- 
mained in  the  upper  Part  of  it,  and  forced  out  the 
Water  it  before  contained,  and  then  the   elaflic 
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Matter  in  the  Glafs  overturned  it,  and  afcended 
to  the  Top  in  one  large  Bubble,  upon  which  the 
Steam  on  the  Surface  was  much  encreafed.     Now 
this  fhews  that  the  Matter  contained  in  thefe  Bub- 
bles, which  at  firfl  is  quite  tranfparent,  being  a, 
very  rare  and  homogeneous  Fluid,  appears  after- 
wards like  Steam  when  it  is  mixed  with  the  Air. 
But  I  thought  I  fliould  make  a  conclufive  Expe- 
riment if  I  could  obferve  the  Effedls  of  a  very  hot 
Steam,  conveyed  under  boiling  Water.     Therefore 
when  an  *  ^Eolipile  had  boiled  till  all  the  Air  was 
driven  out  of  the  Water  it  tontained,    without 
taking  it  off  the  Fire,     I  immerfed  its  Pipe  into 
a  Vefiel  of  Water  which  had  jufl:  |ieen    boiled, 
and  immediately  the  Steam  that  ilTued  from  the 
Pipe  rofe  up  in  very  large  Bubbles  thro'  the  Wa- 
ter, and  made  it  appear  to  boil  violently.     I  then 
held  a  large  Glafs  of  cold  Water,  fo  that  the  Pipe 
of  the  boiling  uEolipile  was  immerfed  in  it  j  at  firfc 
none  of  thefe  Bubbles  appeared,  for  the  Steam, 
being   then  condenfed  by  the  cold  Water,    was 
mixed  thro'  it,  making  a  very  loud  and  uncom^ 
mon  Noife :    but  as  foon  as  the  Water  in    the 
Gl^fs  grew  very  hot,  this  Noife  ceafed,  and  the 
Steam,  being  no  longer  condenfed,  rofe  in  larg^ 
Bubbles,  as  before,  an(^  made  the  Water  appea? 
to  boil  with  great  Violence. 

Thefe 

*  An  JEoUplle  is  a  hollow  Globe  of  Iron  or  Copper^  into 
which  is  fcrewed  a  long  Pipe,  whofe  End  is  commonly  bent  into 
3  Curve ',  it  has  a  very  fmall  Orifice,  ont  of  which  the  Steam 
iiTues  with  great  Violence,  when  Water  is  boiled  in  the  Moliple^ 
See  it  delineated  in  Fig.  5. 
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Thefe  Obfervations  and  Experiments  fdem  to 
difcover  fully  to  us  the  Nature  of  thofe  Bubbles 
that  afcend  thro^  boiling  Water  j  and  lead  me  to 
make  fome  further  Remarks  on  the  Degrees  of 
Heat  that  different  Liquors  acquire  in  boiling.. 

The  Parts  of  a  Fluid  neareft  the  Bottom  of  a 
VefTel  grow  hot  firft,  and  being  then  expanded 
and  made  lighter,  they  afcend  and  change  Place 
with  the  colder  and  heavier  Parts,  which  occafions 
that  intefline  Motion  we  perceive  in  Liquors  while 
they  are  growing  hot.  And  thus  the  Heat  of  the 
Whole  will  continue  to  increafe,  until  thofe  Par- 
ticles, that  are  in  contad  with  the  Bottom  of  the 
Veffel,  acquire  fuch  a  Degree  of  Heat  as  will  give 
them  a  repelling  Force  fufficient  to  overcome  the 
Weight  of  the  Atmofphere,  the  Weight  of  the 
incumbent  Fluid,  and  the  Tenacity  of  its  Parti- 
cles, and  then  they  will  be  fuddenly  expanded  into 
Bubbles  of  Steam,  and  afcend  quickly  to  the 
Top,  without  communicating  this  Heat  to  the 
fcrrounding  Fluid.  For  as  thefe  Bubbles  have  a 
Degree  of  Heat  but  little  fuperior  to  that  of  the 
Fluid,  and  juft  fufficient  to  keep  them  expanded, 
if  they  were  to  lofe  any  of  it,  by  communicating 
it  to  the  Fluid  in  their  Afcent,  they  would  all 
difappear  before  they  got  to  the  Surface,  as  the 
very  fmall  ones  do  v/hich  afcend  but  flowly  j  or  if 
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the  whole  Fluid  was  to  grow  at  oiKie  as  hot  as 
the  Bubbles,  it  would,  like  them  be  all  turned  into 
an  elaftic  Steam.     And   therefore  the  Fluid  itfelf 
cannot  grow  hotter  than  it  was  when  thefe  Bub- 
bles began  to  afcend;  but   mud  all    boil  away 
in    the    fame   Degree   of   Heat,  [f]    Provided 
h  be    fuch  a  Fluid   as    will   not    grow  denfer, 
or    more    vifcid    and  tenacidus  by   boiling,    of 
this  kind  are  Mercury,   Water,  Spirit  of  Wine> 
and  feveral  others,  for  thefe  Fluids  are  found  to 
boli  refpe61:ively  with  600,  212,  and  175  Degrees 
of  Heat,  and  afterwards  they  do  not  grow  hotter. 
The  Iveafon  of  which  is  plain,  for  whilfb  the  Pref- 
{•'iQ  upon  a  Fluid,  and  its  Denfity  and  Tenacity 
continue  the  fame,  the  fame  Degree  of  Heat  will 
always  be  fuHicient  to  feparate  its  Particles  and 
^expand  them  into  Steam  ;  which  is  the  greateft 
Effe^  that  Fire  can  produce  on  any  Fluid  without 
adually  inflaming  it.     Hence  it  is  obvious  that 
an  additional  Preffure  on  boiling  Liquors,  or  an 
cncreafe  of  their  Denfity  or  Tenacity,  will,  by 
keeping  their  Particles  more  llrongly  together,  en- 
able 


lf3  That  thefe  Bubbles  arc  really  hotter  than  the  other 
Parts  of  the  Fhxid  I  found  by  immcrfing  a  Mercurial  Ther- 
jnometer  with  Fahrenheit'h  Scale  into  a  VelTel  of  boiling  Wal- 
ter, for  it  rofe  one  Degree  higher  when  held  among  the  Bub- 
bles, where  they  were  mcft  numerour,  than  it  did  in  the  other 
Parts  of  the  Water. 
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able  them  to  bear  a  greater  Degree  of  Heat  before 
they  are  expanded  into  Steam  and  begin  to  boil. 
It  is  very  obfervable  that  all  oily  Liquors,  which 
refradt  the  Rays  of  Light  more  llrongly  than 
others  do,  acquire  alfo  a  much  greater  Heat  in 
boiling.  Thus  Oil  of  Turpentine  and  other  thin 
eflential  Oils,  that  are  procured  by  Diltillation, 
boil  with  about  560  Degrees  of  Heat,  which  how- 
ever as  the  boiling  continues  is  always  encreafmg  ; 
the  more  volatile  Parts  flying  away,  and  leaving 
the  Refidue  i^hicker,  more  vifcid,  and  fufceptible  of 
greater  Heat. 

Common  vegetable  and  animal  Oils  begin  to 
boil  with  600  Degrees  of  Heat,  which  is  the  fame 
with  that  of  boiling  Mercury,  and  therefore  the 
greatefl:  Heat  that  can  be  meafured  by  a  Mercurial 
Thermometer.  But  it  has  been  found,  by  the 
Expanfion  of  an  Iron  Rod,  that  Oils  grow  conti- 
nually hotter  by  boiling,  and  at  length  their  Heat 
encreafes  fo  much  that  they  burft  into  Flame. 

There  is  irrdeed  one  Obfervation,  which,  if 
true,  would  contradidt  what  I  have  faid  as  to  the 
Heat  of  boiling  Liquors  being  in  fome  Meafure 
owing  to  their  Vifcidity  ;  for  it  is  commonly  faid 
that  Tar,  which  is  a  vifcid  Liquor,  boils  with  fo 
fmall  a  Degree  of  Heat,  that  the  Workmen  fkim 
the  Drofs  off  it  with  their  Hands.  But  this  I 
found  to  be  only  the  Appearance  of  boiling,  for 
M  having 
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having  placed  a  Veffel  of  Tar  on  the  Fire ;  as 
foon  as  the  Thermometer  fhewed  it  to  be  a  little 
hotter  than  the  hum^n  Blood,  a  great  Quantity 
of  Air  rofe  o\at  of  it  in  Froth  and  Bubbles,  carry- 
ing up  fome  Drofs  with  it,  and  then  I  could 
eafily  bear  to  hold  my  Finger  in  it  •,  but  foon  after 
when  theTar  began  really  to  boil  the  Thermometer 
rofe  as  high  as  it  does  in  boiling  Water,  and  was 
ilill  rifing.  For  Tar,  when  one  half  of  it  is  boiled 
away,  becomes  Pitch ;  audit  is  well  known  that 
boiling.  Pitch  is.  hotter  than  boiling  Water  j  fo 
that  this  Experiment  correfponds  exadly  with 
the  Theory  I  have  laid  down  in  regard  to  the 
Heat  of  boiling.  Liquors* 

Hitherto  we  have  eonfidered  only  the  EffeiSls 
of  fuch  Degrees  of  Heat  as  are  great  enough  to 
expand  Liquors  into  large  Bubbles  and  m-ake 
them  boil,  or  to  raife  a  vilible  Steam  from  their 
Si^rface.  But  I  find  it  neceffary  (for  a  Reafon  I 
fliall  mention  prefently)  to.confider  alfo  the  EfFedls 
of  the  lefTer  Degrees  of  Heat,  down  to  that  which 
is  jufl  fufficient  to  keep  Liquors  in  a  flate  of  Flui- 
dity. 

It  is  generally  allowed  that  Heat  keeps  Bodies 
fluid,  by  cauhng  their  Particles  in  fome  Meafnre 
to  repel  each  other,  and  thereby  preventing,  them 
from  coming  into  fuch  clofe  Contaift  as   would 
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render  them  hard.  Now  I  fliall  fhew  from  Expe- 
riments that  all  Degrees  of  Heat  above  what  is 
necefTary  to  keep  Liquors  fluid,  will  raife  from 
their  Surface  (provided  they  are  not  vifcid)  fome 
kind  of  Steam,  which,  for  Diftindion^s  fake,  I 
fhall  call  an  Effluvium.  Under  a  large  Glafs  fet  a 
Cup  of  Water,  not  hot  enough  to  emit  any  vifible 
Steam,  and  let  the  Glafs  be  expofed  to  the  cold 
Air,  a  Dew  will  foon  appear  on  its  Infide.  Here 
an  Effluvium  is  raifed  from  the  Water,  but  it  rifes 
Joo  llov/Iy  and  in  too  fmall  a  Quantity  to  become 
vifible  till  it  is  condenfed  on  theOlafs.  As  Steam 
fifes  from  hot  Liquors  more  abundantly  when  the 
Freffure  of  .the  Atmofphere  is  taken  away,  it  may 
be  fuppofed  that  this  Effluvium  will  alfo  rife  more 
copioufly  from  cold.er  Liquors  in  the  fame  Cafe, 
as  we  ftiall  fee  it  really  does  by  what  follows. 
From  a  great  Number  of  Experiments  made  with 
Spirits  of  Wine,  of  different  Degrees  of  Strength, 
I  found  that,  at  a  Medium,  the  Quantities  loll  in 
the  fame  time  in  a  clofe  Receiver  full  of  Air,  in 
pile  only  half  full  of  Air,  in  Air  rarefie.d  two  and 
forty  times,  and  in  the  open  Air,  were  nearly  in 
the  Proportion  of  i,  i^,  6,  and  48.  The  fame 
kind  of  Spirit  was  ufed  in  each  Experiment,  the 
Time  was  24  Hours,  and  the  Spirits  were  con- 
tained in  equal  Cups,  fo  that  their  Qiiantities  and 
Surfaces  were  as  nearly  equal  as  might  be.  That 
all  the  Spirit  ufed  in  each  Experiment  might  be 
in  the  fame  Circumftances,   before  I  put  it  into 
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the  Clips  I  drew  from  it  all  the  Air  I  could  by  the 
Air-pump,  which  could  not  rarefy  the  Air  in  the 
Receiver  more  than  two  and  forty  times,  it  was 
riecelTary  to  do  this,  becaufe  the  Spirit  loft  five  or 
fix  Grains  in  a  few  Minutes  while  the  Air  was 
drawing  from  it  by  the  firft  Exhauflion  of  the  Re- 
ceiver, and  a  Quantity  lefs  and  lefs  during  the 
fecond  and  third  Exhau (lions.  A  Cup  of  Water 
when  in  a  warm  Room  loft  one  Grain  on  the 
firft  Exhauftion,  and  when  it  had  afterwards  ftood 
in  the  exhaufted  Receiver  for  24  Hours  it  loft  two 
Grains  and  a  Half,  while  the  fame  Qiiantity  of 
Water  loft  35  Grains  in  the  open  Air ;  but  Ice 
that  was  thawing,  or  Water  with  Ice  in  it,  did  not 
Icfe  any  thing  in 'the  exhaufted  Receiver,  or  in  a 
clofe  Receiver  full  of  Air.  Thefe  Experiments 
were  made  in  a  large  Room  without  a  Fire,  and 
the  Huids  were  of  the  fame  Temperature,  whofe 
lolTes  I  compared  together. 

The  Spirit  of  Wine,  which  is  fo  eafily  rarefied 
by  Heat,  and  which  (as  it  never  freezes)  has  always 
more  Heat  than  is  fufticient  to  keep  it  fluid,  loft 
in  every  Experiment  confiderably  more  than  Wa- 
ter did  in  the  fame  Cireumftances;  and  as  Water 
did  not  lofe  any  of  its  Weight,  when  it  had  not 
more  Heat  than  was  neceffary  to  keep  it  fluid,  I 
think  the  rifing  of  an  Effluvium  from  thefe  Liquors 
tnayjuftly  be  afcribed  to  the  repelling  Force  given 
to  their  Particles  by  certain  Degrees  of  Heat,  The 
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Air  in  the  Receiver  did  not  contribute  to  this  Effe^, 
but  on  the  Contrary  prevented  it,  in  a  great  Meafure 
by  its  Preflure,  for  the  more  Air  was  drawn  from 
the  Receiver,  the  greater  Quantity  of  this  Effluvium 
arofe.  I  obferved,  that  when  the  Air  was  rarefied 
two  and  forty  times,  the  Effluvium  that  rofe  from 
the  Spirit,  which  was  fometimes  near  forty  Grainy 
in  twenty-four  Hours,  not  being  fupported  by  a 
fufficient  Quantity  of  Air,  and  lofing  its  firfl:  Elaf- 
ticity  by  being  very  much  expanded,  fell  by  its 
Weight  to  the  Bottom,  and  covered  it  and  the 
lower  Parts  of  the  Receiver  with  Moifture.  But 
none,  or  very  little,  of  this  Moifture  appeared 
when  only  one  half  of  the  Air  was  drawn  out  of 
thie  Receiver,  for  the  Effluvium  which  then  afcend- 
ed,  (amounting  generally  to  eight  or  nine  Grains) 
was  fupported  by  the  remaining  Air  ;  but  when  I 
rarefied  this  Air  fuddenly,  as  in  an  Experiment 
before  mentioned,  (Page  ^9.)  the  Effluvium  was 
immediately  gathered  into  a  vafl  Number  of  vifi- 
ble  Drops,  and  fell  to  the  Bottom,  This  plainly 
Ihews  that  the  Effluvia  which  are  raifed  from 
Liquors,  by  thefe  very  fmall  Degrees  of  Heat, 
cannot  continue  fufpended,  unlefs  they  are  fup* 
ported  by  a  fufHcient  Q_uantity  of  Air. 

i  thought  it  necefTary  to  m.ake  thefe  Experi- 
ments and  ObfervatioRs,  in  order  to '  obviate  ^n 
Objedion  v/hich  might  be  made  to  the  Principle  I 

!iave 
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have  endeavoured  to  eftablifh.  For  as  it  is  found 
that  Fluids  lofe  of  their  Weight  both  in  an  ex- 
haufled  Receiver,  and  in  the  open  Air,  it  might 
be  faid  that  this  lofs  proceeded  from  the  fame 
Caufe  in  both  Cafes,  and  therefore  that  com_mon 
Evaporation  did  not  depend  on  the  diflblving  Power 
of  the  Air.  But  from  thefe  Experiments,  I  think, 
we  might  give  a  fufficient  Anfwer  to  fuch  an  Ob- 
jection. For  it  appears  firft ;  that  Ice,  or  Water 
that  has  no  more  Heat  than  is  neceffary  to  keep 
It  fluid,  Jofe  nothing  of  their  Weight  in  an  ex- 
haufted  Receiver,  tho'  they  lofe  very  confiderably 
in  the  open  Air.  Secondly ;  The  Qiiantity 
which  the  Spirit  of  Wine  loft  by  Evaporation  in 
the  open  Air  vi'as  eight  times  greater  than  what 
It  loft  in  the  fame  time  by  an  Effluvium,  when 
the  Air  in  the  Receiver  was  rarefied  two  and  forty 
times ;  therefore  the  Caufe  of  Evaporation  muil 
be  a  much  more  powerful  one  than  that  whidi 
raifed  the  Effluvium.  And  further,  the  Quantity 
loft  by  Evaporation  was  forty-eight  times  greater 
than  what  was  loft:,  in  the  fame  time,  by  an  Ef- 
fluvium when  the  Receiver  was  full  of  Air  ;  there- 
fore, fuppofmg  the  fame  Effluvium  to  rife  from  it  in 
the  open  Air,  we  mufl:  allow  that  of  the  whole  Qiian.- 
tity  which  the  Spirit  of  Wine  loft  in  the  open  Air, 
one  Part  only  in  forty-eight  could  be  owing  to  that 
Effluvium  which  is  occafioned  merely  by  its  Heat, 
confequently  forty-feven  Parts  muft  have  been 
carried  off  by  fome  very  powerful  A<5lion  of  the 

Air; 
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Air-  which  mufl:  alfo  be  the  fole  Caufe  of  the 
Evaporation  of  Ice  or  very  cold  Water,  which 
are  found  not  to  emit  any  Effluvia  in  an  exhaufted 
Receiver.  And  this  Adtion  of  the. Air  1  have 
fhewn  to  be  its  diffolving  Power. 

Before  we  conclude,  it  may  hot  be  amifs  \o  take 
a  general  View  of  the  important  Purpofes  whi(ih 
Air  is  contrived  to  anfwer,  and  of  the  Means  by 
which  it  is  adapted  to  thefe  feveral  Purpofes.  By 
its  Subtilty  and  Elafticity  it  is  capable  of  being 
eafily  taken  into  the  Lungs  of  Animals ;  and  by 
its  attracting  and  difiblving  Power  it  carries  on 
that  Perfpiration,  both  internal  and  external, 
which  we  find  is  necefiary  to  the  Prefervation  of 
Life.  By  the  fame  Power  it  takes  away  the  fuper- 
fluous  Moifture  from  Trees  and  Plants,  and  therei 
by  promotes  Vegetation.  By  the  fame  Power  it 
raifes  and  fuftains  aqueous  Vapours,  and  its  Tem- 
perature and  Denfity  being  eafiiy  changed^  it  re- 
turns them  again  in  Rain  and  Dew,  and  thus 
keeps  up  a  continual  Circulation  of  Moifture.  By 
the  fame  Power  it  contributes  to  the  Support  of 
Fire,  by  carrying  oft  from  burning  Bodies  all 
fuch  Fumes  and  Vapours  as  would  otherwife 
extinKuiih  them. 

By  its  Weight  and  Preflfure  on  the  Surface 
of  Fluids  it  keeps  their  Particles. together  and 
e^iables    them    to   bear  (without  being  difperfed 

in 
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in  Steam)  fuch  Degrees  of  Heat  as  are  necefla- 
ry  for  all  thofe  Ufes  to  which  boiling  Liquors 
are  applied.  By  the  fame  Preffure  it  raifes  Wa-^ 
ter  in  Pumps  and  other  Hydraulick  Engines. 

And  laftly;  we  may  add  to  thefe,  all  the 
various  Purpofes  to  which,  the  Winds  are 
fubfervient;  and  which  are  too  many  to  be 
enumerated,  and  too  well  known  to  require  be- 
ing particularly  mentioned. 


Obiervations  and  Conje6lures 


On  the  Nature  of  the 


AURORA   BOREALIS 


AND    THE 


TAILS  of  COMETS. 


N 


bBSERVATI ONS 


AND 


CO   NJECTURES,  ^c. 


A  V I  N  G   obferved  that  foTne  late 

Writers,  who  endeavour  to  revive 

the  exploded  Hypothefis  of  an  uni- 

verfal  Plenum^  bring  Arguments  in 

favour  of  their  Opinion  from  what 

Sir  Ifaac  Newton  fiys  of  the  Afcent 

of  Comets'  Tails  in  a  Direction  oppofite  to  the 

Si;n  ;  I  was  induced  to  reconfider  his  Account  of 

that  Matter^  which,  I  own,  never  appeared  fatis- 

N  2  fa(ftory 
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factory  to  me ;  tho'  I  agree  intirely  with  him  that 
this  Phaenomenon  affords  a  fufficient  Proof  of  a 
Vacuum  in  the  Celeftial  Regions.  As  this  is  a  Sub- 
ject of  fome  Importance  in  Phyficks  I  (ball,  in  the 
following  Eflay,  firft,  mention  fuch  Objedions  as 
occur  to  me  againfl:  Sir  Ifaac^  Opinion  as  to  the 
Caufe  of  the  Afcent  of  Comets'  Tails  •,  and  then 
offer  fome  Conjedyres  that  may  poflibly  lead  to 
a  further  Knowledge  ot  this  Subje(5l,  leaving  them 
to  be  confirmed  or  overthrown  as  future  Obfer- 
vations  and  Experiments  ihall  determine.  For  I 
think,  that  Conjeflures,  or  Hypothefes,  when  ren- 
dered probable  by  fome  Experiments,  and  pro- 
pofed  with  Caution,  may  be  of  great  Ufe  by  di- 
rcdling  our  Enquiries  into  fome  certain  Chan* 
nel. 

That  I  may  proceed  methodically,  I  fhall  be- 
o^in  by  relating  the  Phaenomena  of  Comets  as  ob- 
ferved  by  Newton,  and  other  accurate  Aftronomers, 
for  I  fhall  have  Occaiion  to  'refer  frequendy  to 

them-.         ■ 

It  appears  that  a  Comet  is  a  -kind  of  Planet 
which  revolves  round  the  Sun  in  a  very  excentric 
Orbit,  and  recedes  much  farther  from  jthe.Sun  in 
its  JpheJion  than  any  of  the  Planets  ;  it  is  not  vi- 
able until  it  comes  down  into  the  Planetary  Re- 
gions, and  then  appears  furrounded  with  a  denfe 

Atmofphere> 
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Atmofphere,  and  from  the  Side  oppofite  to  the 
Sun  it  emits  a  ihining  Train  v/hich  we  call  its  Tail^ 
this  near  the  Comet  is  of  the  lame  Thicknefs  or  Di- 
ameter with  the  Body,  but  grows  fomewhat 
thicker  towards  the  other  End.  It  is  at  its  firft 
Appearance  very  fhort,  and  encreafes  as  the  Co* 
met  approaches  towards  the  Sun,  and  immedi- 
ately after  its  Perihelion  the  Tail  is  longeft  and  mod 
luminous,  and  then  is  generally  obferved  to  be 
fomewhat  bent,  and  to  be  Convex  towards  thofe 
Parts  to  which  the  Comet  moves;  the  Convex 
Side  being  rather  brighter  and  better  defined  than 
the  Concave  Side.  When  the  Tail  arrives  at  its 
greateft  Length  which  in  Tome  Comets  has  httn 
computed  to  be  60  or  70  Millions  of  Miles,  it 
quickly  decreafes  and  foon  vanifhes  entirely,  about 
the  fame  time  that  the  Comet  itfelf  ceafes  to  be 
feen.  The  Matter  of  which  the  Tail  is  formed 
is  exceedingly  rare,  and  fo  very  pellucid  that  the 
Light  of  the  fmalleft  Stars  fufFers  no  Diminution 
in  paffing  thro""  it,  for  Sir  Ifaac  Newton  obferves : 
^  The  extraordinary  Rarity  of  Comets'*  Tails  may 
«  be  colleded  from  the:  Stars  fhining  thro'  them, 

*  for  the  fmallefl  Stars  are  obferved  to  fhine  with- 

*  out  any  lofs  of  Splendor  thro'  the  Tails  which 

*  are  of  an  immenfe  Thicknefs,  and  are  alfo  ii- 

*  laminated  by  the  Light  of  the  Sun/* 

Thefe 

•  Caudarum  infignis  raritas   coiiigitur  ex    Aftris  per  eas 
Tranflaccntibtts. »—  Per  Immenfam  vcro  Caudarum  Craffitudi- 
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•    Thefe  are  the  principal  Phenomena  of  Comets, 
and  it  is  from  hence  we  rauft  deduce  whatever  we 
can  know  of  the  Subftance  of  which  the  Tails 
confift,    or  of  the   Reafon  why  they  are  always 
thrown  off  from  the  Head  of  the  Comet,  in  a  Di- 
reftion    nearly   oppofite  to  the  Sun.     And -with- 
thefe  Phasnomena  I  propofe  to  compare  the  Opi- 
nions which  are  commonly  received   concerning 
this  Matter.     Sir  Ifaac  tells  us,  there  were  three 
different  Opinions  about  Comets* Tails;  ■v/z.  that 
they    were   only    Rays    of  the  Sun    propagated 
thro'    the   tranfparent  Head  of  the  Comet.    Or 
that  they  arofe  from  the  Refradion  of  the  Light 
in   its  PafTage  from  the  Head  of  the  Comet  to 
the   Earth.    Or,  laftly,    that  they    confifled    of 
Clouds  and  Vapours  continually  riling  from  the 
Head  of  the  Comet,    and  going  off  in  a  Direc- 
tion oppofite  to  the  Sun.     The  firfl  and  fecond 
of  thefe    Opinions    he  refutes,    and   adopts  the 
third,   and    proves   by   feveral  Arguments,    that 
the  Tail    muft  confift  of  fome  kind    of  Vapour 
arifing  continually  from  the  Head  of  the  Comet. 
The  Caufe   of  its    afcending   always   from    the 
Sun  he    afligns    in    another  Paragraph,   which  I 

(hali 

jiem,  Lnce  pariter  Solis  illnftratam,  Aftra  minima  abfque  Clari- 
tatjs  Detrimento  tranflncere  noftuntur.  Frirxipa,  Pageji3. 
Edit.  2da. 
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fhall  now  qiibts  at  leAgth,  tranflating  it  as  faith- 
fully as  I  canj  it  is  as  follows: 

'  The  Afcent  of  Tails  from  the  Atmofphere 
«  of  Comets  and  their  Progrefs  towards  the.  Parts 
^  oppofite  to  the  Sun,  Kepler  afcribes  to  the  Adion 
c  of  the  Rays  of  Light,  carrying  with  them  the 
i  Matter  ot  which  the  Tails  confifl.  And  that  fo 
<  very  thin  an  Air  or  Vapour  Ihould  yield  to  the 

*  A<5tion  of  the  Rays,  in  Spaces  void  of  refiftance, 

*  is  not  altogether  againft  Reafon  ;  altho"  in  our 

*  Regions,  clogged  with  refilling  Matter,  the  folar 
'  Rays  cannot  fenfibly  impel  denfe  Bodies.  Others 
'  think  that  there  may  be  fome  Particles  of  Mat- 
'  ter  in  their  own  Nature  light,  as  well  as  fome 

*  that  are  heavy,  and  that  the  Matter  of  the  Tails 
'  is  of  the  former  Sort,  and  by  its  Levity  afcends 

*  from  the  Sun.  Eut  fince  the  Gravity  of  all  ter- 
'  reflial  Bodies  is  proportional  to  their  quantity  of 
'  Matter,   and  cannot  in   the  fame  Body  be  in- 

*  creafed  or  diminifhed,  I  fufpedl  that  this  Afcent 

*  of  the  Tails  arifes  rather  from  the  Rarefaflion 

*  of  their  Matter.  Smoke  afcends  in  a  Chimney 
'  by  the  Impulfe  of  the  Air  in  which  it  floats ; 
'  that  Air,  being  rarefied  by  Heat,  and  its  fpeci- 
'  fie  Gravity  thereby  diminifhed,    afcends    and 

*  carries  the  Smoke  with  it.  Why  then  fhould 
'  not  the  Tail  of  a  Comet  afcend  in  the  fame  Man- 

*  ner  from  the  Sun .?  for  the  folar  Rays  do  not 

*  '     e  any  Medium  thro'  which  they  pals,  but 

'  in 
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in  Reflection  or  Refra<5lion,  the  refledling  Partt'- 
cles  by  that  A(ftion  grow  warm,  and  heat  the 
aetherial  Air  {auram  Mtheream)  with  which  they 
are  mixed,  which  being  rarefied  by  this  Heat, 
and  the  fpecific  Gravity  by  which  it  tended  to 
the  Sun  being  thereby  diminifhed,  it  will  afcend 
and  carry  with  it  the  refleding  Particles  of  which 
the  Tail  is  formed :  it  conduces  alfo  to  the 
Afcent  of  thefe  Vapours  that  they  revolve  round 
the  Sun,  and  therefore  endeavour  to  recede  from 
it ;  while  the  Atmofphere  of  the  Sun  either  is 
at  reft,  or  revolves  more  flowly  with  fuch  Mo- 
tion as  it  can  acquire  from  the  Rotation  of  the 
Sun  round  its  Axis.  Thefe  are  the  Caufes  of 
the  Afcent  of  the  Tails  in  the  Neighbourhood 
of  the  Sun,  where  the  Orbit  has  a  greater  Cur- 
vature, and'  the  Comet  moves  in  a  denfer,  and 
therefore  heavier  Atmofphere  of  the  Sun,  and 
then  emits  a  Tail  of  a  greater  Length.  For  the 
Tails  which  then  arife  by  preferving  their  owa 
Motion,  and  at  the  fame  time  gravitating  to- 
wards the  Sun,  will  revolve  about  the  Sun  in 
Ellipfesjud  as  their  Heads  do  ;  and  by  that  Mo-^ 
tion  will  always  accompany  their  Heads  and  ad- 
here to  them  moll:  freely.  For  the  Gravity  of 
thofe  Vapours  towards  the  Sun  will  no  more  caufe 
the  Tails  to  fall  from  the  Heads  to  the  Sun,  than 
it  will  caufe  the  Heads  to  fall  from  the  Tails,  but 
they  mull  both,  by  their  common  Gravity,  fall 
together  to  the  Sun,  or  both  together  be  retarded 
in  their  Afcent  from  it :  and  confequently  their 

'  Gravity 
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'  Gravity  will  not  hinder  t1ie  Heads  and  Tails  t>^ 

Comets  eafily  to  receive  (from  the   above-men- 

^  tioned  or  other  Caufes)   any  Pofition  whatever 

'  in  refpecft  to  each  other,  or  to  keep  this  Pofition 

*  afterwards  moft  freely/J 

We  find  in  this  Account  that  Sir  2/aac  afcribes 
the  Afcent  of  Connets'  Tails  to  their  being  rarer 
and  lighter,  and  moving  round  the  Sun  more 
Iwiftly,  than  the  folar  Atmofphere  with  which  he 
fuppofes  them  to  be  furrounded,  whillt  in  the 
Neighbourhood  of  the  Sun ;  he  fays  alfo  that 
whatever  Pofition  (in  refpedt  to  each  other)  the 
Head  and  Tail  of  a  Comet  then  receive,  they  will 
keep  the  fame  afterwards  moft  freely,  and  in  an- 
other Place  he  obferves,  '  that  the  celeflial  Spaces 
raufl  be  entirely  void  of  any  Power  of  refilling, 
fince  not  only  the  folid  Bodies  of  the  Planets 

*  and  Comets,  but  even  the  exceeding  thin  Va-? 

*  pours,  of  which  Comets'  Tails  are  formed,  move 

*  thro'  thofe  Spaces  with  immenfe  Velocity,  and  yet 

*  with  the  greateft  Freedom.'il — I  cannot  help 
thinking  that  this  Account  is  liable  to  many  Diffi- 
culties and  Objedions,  and  that  it  feems  not  very 
conHflent  with  icfelf  or  with  the  Phaenomena. 

O  I  do 

§  PriBf/f//?^  Page  514*      Ij  Ibid. 
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I  do  ndt  know  tliat  we  have  any  Proof  of  tlie 
Exiftehce  of  a  folar  Atmofphere  of  any  confidera- 
ble  Extent,  nor  arc  we  any  where  taught  how  to 
guefs  at  the  Limits  of  it.  It  is  evident  that  the 
Exiftence  of  fuch  an  Atmofphere  cannot  be  proved 
merely  by  the  Afcent  of  Comets'  Tails  from  the 
Sun,  as  that  Phsenomenon  may  poflibly  arife  front 
fome  other  Caufe.  However  let  us  fuppofe,  for 
the  prefent,  that  the  Afcent  of  Comets'  Tails  is 
owing  to  an  Atmofphere  ftirroimding  the  Sun,  and 
fee  how  the  EfFeds  arifmg  from  thence  will  agree 
with  the  Phaenomena.  When  a  Comet  comes 
into  the  folar  Atmofphere,  and  is  then  defcending 
almoft  dire<5lly  to  the  Sun,  if  the  Vapours  which 
compofe  the  Tail  are  raifed  up  from  it  by  the  fu- 
perior  Denfity  and  Weight  of  that  Atmofphere, 
they  mufl:  rife  into  thofe  Parts  that  the  Comet  has 
left,  and  therefore  at  that  time  they  may  appear 
in  a  Direflion  oppofite  to  the  Sun.  But  as  foorl 
as  the  Comet  comes  near  the  Sun,  and  moves  in 
a  Diredion  nearly  at  right  Angles  with  the  Di- 
reflion  of  its  Tail,  the  Vapours  which  then  arife, 
partaking  of  the  great  Velocity  of  the  Comet, 
and  being  fpecificafly  lighter  than  the  Medium  in 
which  they  move,  and  being  vaftly  expanded  thro' 
it,  mull  neceflarily  fufFer  a  Refiftance  immenfely 
greater  than  what  the  fmall  and  denfe  Body  of  the 
Comet  meets  with,^  and  confequently  cannot  pof- 

fibly 
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fibly  keep  up  with  it,  but  muft  be  driven  back- 
wards by  the  Refiftance  of  that  Medium  into  a 
Line  dire6led  towards  the  Parts  which  the  Comet 
has  left,  and  therefore  can  no  longer  appear  in  a 
Pire6tion  oppofite  to  the  Sun.     And  in  like  Man- 
ner when  a  Comet  pafles  its  Perihlion^  and  begins 
to  afcend  from  the  Sun,  it  certainly  ought  to  ap- 
pear ever  after  with  its  Tail  behind  it,  or  in  a 
Direction   pointed  towards   the   Sun  j  for  if  the 
Tail  of  the  Comet  be  fpecifically  lighter  than  the 
Medium  in  which  it  moves  with  fo  great  Velocity, 
it  muft  be  jiift  as  impoffible  it  fhould  move  fore- 
mofl:,  as  it  is  tb.at  a  Torc4i  moved  fwiftly  thro' 
the  Air  fhould  proje(5l  its  Flame  and  Smoke  be- 
fore it.     Since  therefore  we  find  that  the  Tail  of  a 
Comet,  even  when  it  is  afcending  from  the  Sun, 
moves  foremoft  and  appears  in  a  Dlre6lion  nearly 
oppofite  to  the  Sun,  I  think  we  muft  conclude  that 
the  Comet  and  its  Tail  do  ,not  move  in  a  Medium 
heavier  and  4enfer  than  the  Matter  of  which  the 
Tail  confifts,  and  confcquently  that  the  conftant 
Afcent  of  the  Tail  from  the  Sun  mud  be  owing  to 
fome  other  Caufe.   For  that  the  folar  Atmofphere 
ftiould  have  Denfity  and  Weight  fufficient  to  raife 
up  the  Vapours  of  a  Comet  from  the  Sun,  and  yet 
not  be  able  to  give  any  fenfible  Refiftance  to  thefe 
Vapours  in  their  rapid  Progrefs  thro'  it,  are  two 
things  inconfiftent  with  each  other-.  And  therefore, 
iince  the  Tail  of  a  Comet  is  found  to  move  as 
(reely  as  the  Body  does,  we  ought  rather  to  con= 
O  2  elude. 
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elude  that  the  celeftial  Spaces  are  void  of  all  re- 
fiftiDg  Matter,  than  that  they  are  filled  with  a 
folar  Atmofphere,  be  it  ever  fo  rare, 

.  But  there  is,  I  think,  a  further  Confideration 
which  will  (hew  that  the   received  Opinion,   as 
to  the  Afcent  of  Comets'  Tails,  is    not    agree- 
able to  the  Phsenomena,  and  may  at  the  fame 
time  ferve  to  lead  us  to  fome  Knowledge  of  the 
Matter  of  which  thefe  Tails  confift  ;  which  I  fuf- 
pedt  is  of  a  very  different  Nature  from  what  it  has 
been  hitherto  fuppofed  to  be.     Sir  Ifaac  fays,  the 
Vapours,  of  which  the  Tail  of  a  Comet  conlifts, 
grow  hot  by  reflefling  the  Rays  of  the  Sun,  and 
thereby  warm  and  rarefy  the  Medium  which  fur- 
rounds  them ;  which  mufl:  therefore  afcend  from 
the  Sun,  and  carry  with  it  the  refledling  Particles 
of  which  the  Tail  is  formed ;  for  he  always  fpeaks 
of  the  Tail  as  fhining  by  refle61ed  Light.   But  one 
would  rather  imagine,  from  the  Phsenomena,  that 
the  Matter  which  forms  a  Comet's  Tail  has  not 
the  lead  fenfible  Power  of  refleding  the  Rays  of 
Light.     And  this  I  think  appears  from  Sir  Ifaac' & 
Obfervation  which  I  have  quoted  already  ;  for  he 
affirms,  that  the  Light  of  the  fmalleft  Stars,  com- 
ing to  us  through  the  immenfe  thicknefs  of  a  Co- 
met's Tail,    d^es  not   fufFer  the  leaft  Diminu- 
tion.    -Dm  m!i4n3r,    if  the  Tail  can  refledt  the 
Light   of  the  Sun  fo  copioufly,  as  it  muft   do 

if 
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if  its  great  Splendor  be  derived  from  thence,  it 
muft  undoubtedly  have  the  fame  Effeft  on  the 
Light  of  the  Stars ;  that  is,  it  muft  refiecft  back 
the  Light,  which  comes  from  the  Stars  behind 
it,  and  by  fo  doing  muft  intercept  them  from 
our  Sight,  confidering  its  vaft  thicknefs,  and  how 
exceedingly  flenc|er  a  Ray  is  that  comes  from 
a  fmall  Star,  or  if  it  did  not  intercept  their  whole 
Light,  it  muft,  at  leaft,  increafe  their  twink- 
ling. But  we  do  not  find  that  it  has  even 
this  fmall  EfFedl,  for  thofe  Stars  that  appear 
thro'  the  Tail  are  not  obfcrved  to  twinkle 
more  than  others  in  their  Neighbourhood.  Since 
therefore  this  Faft  is  fupported  by  ObfervationSj 
what  can  be  a  plainer  Proof  that  the  Matter  of  a 
Comet's  Tail  has  no  Power  of  reflediing  the  Rays 
of  Light  ?  and  confequendy  that  it  muft  be  a  felf- 
fhining  Subftance.  But  the  fame  thing  will  further 
appear  from  confidering  that  Bodies  refled  and  re-^ 
fra(5t  Light  by  one  and  the  fame  Power ;  and  there- 
fore if  Comets'  Tails  want  the  Power  of  refra6^ing 
the  Rays  of  Light,  they  muft  alfo  want  the  Power 
of  reflecting  them.  Now,  that  they  want  this  re- 
fracting Power  appears  from  hence,  if  that  great 
Column  of  tranfparent  Matter  which  forms  a  Co- 
met's Tail,  and  moves  either  in  a  Facuum,  or  in 
fome  Medium  of  a  different  Denfity  from  its  own, 
had  any  Power  of  refrading  a  Ray  of  Light,  com- 
ing thro'  it  from  a  Star  to  us,  that  Ray  muft  be 
turned  far  out  of  its  way  in  pafling  over  the  great 
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Diftance  between  the  Comet  and  the  Earth  j  and, 
therefore,  we  fhould  very  fenfibly  perceive    the 
fmatlefl  Refradlion  that  the  Light    of  the  Stars 
might  fufFer  in  paffing  thro'  a  Comet's  Tail.  The 
Confeqiience  of  fuch  a  Refra6^ion  muft  be  very 
remarkable,    the    Stars   that   He    near    the  Tail 
would  appear  double,  for  they   would  appear  in 
their  proper  Places  by  their  diredt  Rays,  and  we 
Ihould  fee  their  Images  behind  the  Tail,  by  means 
of  their  Rays  which  it  might  refracft  to  our  Eyes; 
and  thofe  Stars  that  v/ere  really  behind  the  Tail 
would  difappear,    their  Rays  being  turned  afide 
from  us  by  Refraftion.     In   fliort,  it  is  eafy  to 
imagine  what  ftrange  Alterations  would  be  made 
in  the  apparent  Places  of  the  fixed  Stars  by  the 
Tails  of  Comets,  if  they  had  a  Power  of  refrad- 
ing    their  Light;    which    could  not  fail  to   be 
taken  Notice  of,  if  any  fuch  ever  happened.     But 
fince  Aftronomers  have  not  mentioned  any  fuch 
apparent  Changes  of  Place  among  the  Stars,  I  take 
jt  for  granted  that  the  Stars  feen  thro'  all  Parts  of 
a  Comet's  Tail  appear  in  their  proper  Places,  and 
with  their  ufual  Colours,  and  confequently  I  infer 
that  the  Rays  of   Light  fuffer  no  Refra(ftion  in 
paffing  thro'  a  Comet's  Tail.     And  thence  I  con- 
clude (as  before)  that  the  Matter  of  a  Comet's 
Tail  has  not  the  Power  of  refracfting  or  refle(fting 
the  Rays  of  Light,  and  mufl  therefore  be  a  luci4 
or  f(?if-iliining  Subftjmce. 

And 
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And  thus  if  I  have  argued  rightly  from  the 
Phsenomena,  it  mull:  appear,  that  the  Tail  of  a 
Comet  does  not  confifl:  of  aqueous  or  other  Vapours, 
that  fhine  by  reflecting  the  Light  of  the  Sun,  but 
is  a  very  rare,  tranfparent  and  lucid  Subflance, 
which  has  no  fort  of  EfFetft  on  the  Rays  of  Light 
that  pafs  thro'  it,  and  that  it  is  thrown  off  from  the 
dark  Hemifphere  of  the  Comet  in  a  Direftion  op- 
pofite  to  the  Sun,  not  by  the  fuperior  Weight  and 
Denfity  of  any  circumamxbient  Medium,  but  by 
fome  other  Caufe  that  has  not  yet  been  difco- 
vered. 

This  feems  to  me  to  be  all  the  Knowledge  we 
can  acquire  of  the  Nature  and  Properties  of  that 
Matter  which  form  the  Tails  of  Comets,  by  at- 
tending merely  to  the  Phasnomenon  itfelf.  But  per- 
haps we  may  be  able  to  extend  this  Knowledge 
fomewhat  further,  if  we  could  find  any  other  Phe- 
nomenon in  Nature  which  refembles  this  of  Co- 
mets' Tails,  and  can  become  acquainted  with  any 
kind  of  Matter  that  has  the  fame  Properties  with 
that  of  which  they  are  formed.  Now  I  have  often 
obferved  a  Phsenomenon  that,  I  think,  very  flrongly 
refembles  the  Tail  of  a  Comet,  both  in  its  Appear- 
ance, and  in  the  Nature  of  its  Subflance.  We  fre- 
quently fee  a  very  rare,  tranfparent,  and  lucid  Sub- 
ftance  thrown  off,  in  a  Dire(5lion  nearly  oppofite 

to 
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to  the  Sun,  fiom  the  dark  Hemifphere  of  the 
Earth,  and  principally  from  the  more  Northern 
and  colder  Regions  of  our  Atmofphere.  This 
Appearance  is  fo  luminous  that  it  has  been  from 
thence  called  the  Aurora  Borealis ;  it  is  now  fo  com- 
mon and  well  known  that  I  ihall  not  defcribe  it 
particularly,  and  will  only  take  Notice  of  thof^ 
Circumftances  in  which  it  chiefly  refembles  a  Cof 
met's  Tall.  Thofe  Northern  Lights  never  appear, 
at  leafl  in  any  remarkable  Degree,  foon  after  Sun- 
fet  or  before  Sun-rife,  tho'  it  may  be  then  dark 
enough  to  make  them  vifible,  but  generally  from 
about  ten  o'Clock  at  Night  till  one  in  the  Morn*- 
ing;  and  the  very  long  Streams  of  Light,  which 
iffue  frequently  from  the  Northern  parts  of  our 
Atmofphere,  feem  dill  to  tend  towards  the  Zenith 
of  that  Place  where  the  Spedator  is,  and  feme 
times  get  beyond  the  Zenith,  and  appear  to  the 
Southward  of  it ;  which  fhews  that  thefe  Streamy 
of  Light  tend  towards  the  Vertex  of  the  Earth's 
Shadow,  that  is,  towards  the  Part  of  the  Heavens 
which  is  oppofite  to  the  Sun.  From  the  great 
Length  of  thefe  Streams  of  Light,  which  feem  al- 
ways moving  upwards,  we  may  conclude  that  they 
extend  to  a  great  Height  in  the  Atmofphere,  and 
probably  rife  far  above  it.  For  by  the  Accounts 
we  have  of  an  Aurora  Borealis,  obferved  in  England 
on  the  Sixth  of  March,  17^6,  it  was  vifible  from 
the  Weft  Side  of  Ireland,  to  the  Confines  of  Rnjp.a 
and  Polandy  and  probably  farther  to  the  Eaft  j  fo 

that 
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that  it  extended  at  lead  over  thirty  Degrees  of 
Longitude,  and  from  about  the  fiftieth  Degree 
of  Latitude  over  almoft  all  the  North  of  Eu- 
rope, and  at  all  Places  it  exhibited  the  fame  Appear- 
ances, nearly  at  the  fame  time.1: 

Now  this  great  Body  of  luminous  Matter  which 
appears  in  an  Aurora  Borealis,  being  fo  very  ex- 
tenfive  and  fometimes  fo  very  bright,  muft  be 
vifible  to  a  Speculator  placed  at  a  confiderable 
Diflance  from  the  Earth,  and  fliaded  from  the 
Sun's  Light  -,  and  fuch  a  Spectator  would  then  fee 
the  Earth  attended  by  a  Train  of  Light  in  the 
Form  of  a  Tail.  It  would  probably  appear  fmall 
in  Proportion  to  the  Earth's  Diameter,  it  would 
feem  unfleady,  changeable  in  its  Shape,  and  of  a 
ftiort  Continuance ;  but  whilll  it  lalled  it  mull, 
both  in  its  Dire(5lion,  and  in  the  Nature  and  Ap- 
pearance of  its  Light,  very  much  refemble  the 
Tail  of  a  Comet.  And  if  fuch  a  Spe6lator  was  to 
obferve  the  Earth  for  a  Year  he  might  perceive  a 
further  Refemblance  in  this  Refped  between  the 
Earth  and  a  Comet ;  for  as  the  Tail  of  a  Comet 
appears  only  a  fhort  time  before  and  after  its  Pe^ 
rihelioHy  fb  he  would  fee  this  luminous  Matter  rife 
from  the  Earth  frequently  whillt  it  was  mo- 
ving from  the  Autumnal  to  the  Vernal  Equinox, 
thro'  the  half  of  its  Orbit  that  is  neareft  to  the 
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Sun,  and  very  feldom  during  the  Other  Part  of 
the  Year,  for  we  rarely  fee  an  Aurora  Borealis  in  the 
Summer  Months.  Thus  we  find  that  the  Matter 
of  an  Aurora  Borealis  and  that  of  a  Comeths  Tail 
are  very  like  each  other  in  their  Appearance,  and 
in  their  Situation,  with  refpedl  to  the  Sun  and  the 
Bodies  from  which  they  flow.  And  if  we  examine 
further,  we  fhall  find  that  they  have  exadly  the 
fame  Properties  ;  for  the  Matter  of  which  the  Au- 
rora Borealis  confifls  is  not  only  very  rare,  tranfpa- 
rent  and  lucid,  but  is  alfo  found  to  have  no  fort 
of  Effect  on  the  Rays  of  Light  which  pafs  thro* 
it.  This  I  have  often  obferved,  and  particularly  at 
one  time  when  there  appeared  here  2in  Aurora  Bo* 
realis^i  which  for  its  Extent,  for  the  Quantity, 
Brightnefs  and  Steadinefs  of  its  Lights,  was  the 
moil  remarkable  one  I  ever  faw ;  fome  Part  of  it 
appeared  like  very  denfe  white  Clouds,  illuminated 
by  a  full  Moon,  but  with  a  more  vivid  Brightnefs  j, 
and  yet  thro'  one  of  the  denfeft  and  whiteft  of  thefe 
Clouds,  I  could  plainly  fee  the  fmalleft  Star  in 
the  PliadeSy  and  could  not  perceive  that  its.  Splen- 
dour was  at  all  diminifhed,  or  that  it  even  twink- 
led more  than  it  did  before  this  lucid  Matter  was 
interpofed,  which,  as  it  moved  with  a  quick  tre- 
mulous Motion,  muft  have  at  leafl  increaled  the 
twinkling  of  the  Stars,  if  it  had  any  fort  of  Effeft 
on-  the  Rays  which  paiTed  thro'  it.  Since  then  the 
Matter  of  a  Comet's  Tail,  and  that  of  the  Aurora 
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Borealis  are  alike  in  their  Appearance,  and  agree 
alfb  in  their  Properties,  we  have  fome  Reafbn  to 
fuppofe  that  they  are  Subftances  of  the  fame 
Kind. 

Having  gained  this  Step,  we  may  go  on  in  oiir 
Enquiries,  and  try  if  any  other  Subflance,  that 
we  are  better  acquainted  with,  has  the  fame  Pro- 
perties with  the  SubftanQe  of  which  Comets' Tails 
and  the  Aurora  BoreaJU  are  formed.  It  is  now  well 
known  that  our  Atmofphere  abounds  with  ele(5^ric 
Matter,  which  is  rnore  or  lefs  contained  in  all  Bo- 
dies ;  this  Matter  is  never  vifible  but  whi lit  it.  is. 
pafling  frorn  one  Body  to  another,  thro'  the  Air 
or  a  Vacuurn,  it  then  appears  to  be  a  very  rare> 
fubtle,  fhining  Subftance.  We  often  fee  it  flafhing 
from  one  Cloiid  to  another,  or  into  the  Earth, 
with  great  Velocity  and  Brightnefs,  and  then  we 
give  it  the  Name  of  Lightning ;  and  in  the  fame 
Manner  when  we  bring  our  Finger  near  a  Bar 
of  Iron  ftrongly  eledrified,  we  fee  very  bright 
Sparks  iifue  from  it  to  our  Finger,  It  feems.  that 
Air,  in  its  common  State  of  Condenfatioij,  refifts 
the  Egrefs  of  the  elecftric  Matter  from  Bodies  m, 
which  it  is  accumulated,  efpecially  if  they  are 
round  and  fmooth,  and  when  it  forces  its  Way  ic 
feems  to  come  out,  as  it  were,  all  at  once,  and  in 
a  very  condenfed  State,  and  therefore  it  appears 
very  bright.  But  if  the  Air  be  confiderably  rare- 
lied  its  Refiftance  is  thereby  greatly  lelTened,  and 
P  2  the 
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the  eleiftric  Matter  cannot  be  accumulated  in  a 
Body  furrounded  by  fuch  Air,  for  in  that  Cafe,  as 
fall  as  it  is  communicated  to  the  Body  it  will 
ilTue  out  from  various  Parts  of  it  in  fmall  Streams 
of  a  faint  Light,  as  will  appear  from  fome  Expe^ 
rimentG  I  fhall  have  Occafion  to  mention  prefently. 

Now  fmce  a  folid  Body  and  a  Cloud,  whert 
eledrified  in  denfe  Air,  will  both  difcharge  their 
Fire  in  the  fame  Manner,  that  is,  fuddenly  and  in 
bright  Sparks,  or  large  bright  Fla(hes,  we  muft 
conclude,  from  Analogy,  that  when  they  are 
both  eledriiied  in  Air  much  rarefied,  they  will 
then  likewife  difcharge  their  Fire  in  the  fame 
Manner,  and  confequently  that  an  eledrified 
Cloud,  raifed  into  the  higher  and  rarer  Parts 
of  the  Atmofphere,  will  difcharge  its  Fire  in 
continued  Streams  of  faint  Light.  And  as  we 
fometimes  fee  faint  flaflies  of  Lightning  in  a  Sum- 
mer Evening  after  Sun-fet,  tho'  no  Clouds  ap- 
pear i  fo  if  the  Vapours  which  rife  into  the  higher: 
Part  of  the  Atmofphere,  tho'  not  formed  into 
Clouds,  carry  up  with  them  the  elecftric  Matter, 
they  mufl  difcharge  it  in  continued  Streams  of 
faint  Light,  juft  as  a  Cloud  would  do  j  and  thole 
Streams  of  Light  in  the  higher  Parts  of  the  At- 
mofphere muft  exaflly  reprefent  to  us  the  Ap- 
pearance of  an  Aurora  Borealis.  Any  one  will  rear 
dily  perceive  a  ftrong  Refemblance  between  the  Au- 
rora 
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fora  Borealis  and  the  eledtric  Fire  difcliarged  from 
a  Body  in  rarefied  Air,  who  will  make  the  fol- 
lowing Experiments. 

Let  the  Air  be  almofl  exhaufted  out  of  a  Glals 
Globe  or  Cylinder,  and  let  it  be  turned  by  a  Ma- 
chine and  rubbed  as  ufual ;  the  eledric  Fire  will 
then  appear  in  the  Infide  of  the  Globe,  fhooting 
out  in  various  Branches  of  faint  Light,  croffing 
6ach  other  in  all  Dire(5iions,  and  this  Light  will 
ibmetimes  appear  tinged  with  different  Colours ; 
when  the  Air  is  very  much  rarefied  the  Light 
appears  white,  and  grows  more  of  a  purple  Co- 
lour as  more  Air  is  admitted  into  the  Globe,  t 
found  thisJExperimtnt  fucceed  beft  when  I  held 
in  my  Hand  the  Cufhion  with  which  the  Globe 
was  rubbed,  and  prefled  it  fometimes  clofely  and 
fometimes  llightly  to  the  Globe.  I  made  alfo 
another  Experiment  to  the  fame  Furpofe.  A  Cy- 
linder 20  Inches  high,  and  about  5  in  diameter, 
having  a  pretty  thick  Brafs  Wire  put  thro'  the 
Top,  was  almoft  exhaufted,  then  being  rayfelf 
electrified,  I  moved  my  Finger  towards  the  Top 
of  the  Wire,  and  immediately  I  faw  every  Spark 
that  came  from  my  Finger  divided  into  a  Mul- 
titude of  fmali  Streams  of  Light  iifuing  from  the 
Wire  at  right  Angles  to  it,  and  in  different  I)i- 
re<5lions.  When  I  took  hold  of  the  Wire  I  could 
fee  but  little  Light  in  the  Cylinder,  fo  found  it 

was 


was  neceflary  to  keep  my  Fingierat  a  fmall  DiA 
tance,  and  let  the  electric  Matter  come  to  the 
M^ire  in  fucceflive  Sparks.  I  thought  the  Lights 
that  ifRied  from  the  Wire  were  brighteft  when  it 
was  oyled,  and  when  the  Air  was  about  30  times 
rarer  than  the  outward  Air.  Several  Perfons  ab- 
moll  as  foon  as  they  faw  the  electric  Lights  com- 
pared them  to  the  Appearance  of  the  Aurora  Bo- 
rmlis ;  and  certainly  thele  two  Phaenomena  refemble 
each  other  entirely  both  in  the  Colours  of  their 
Light,  and  in  the  Quicknefs  of  their  Motions. 
Por  when  the  Air  in  the  Glafs-Globe  was  very 
much  rarefied,  the  eleiftric  Lights  appeared  very, 
white,  and  became  more  of  a  purple  Colour  .asi 
afnore  Air  was  admitted  into  the  Globe  \  jufl  fo  the 
long  Streams  of  Light  in  the  Aurora  Borealis  are 
very  white  on  their  upper  Parts  where  the  Air 
about  them  is  much  rarefied,  and  are  often  of  a 
purple  Colour  on  their  lower  Parts  which  are  in 
denfer  Air.  And  as  in  the  Globe  the  eleflric 
Lights  appear  in  greater  Abundance  when  the 
Air  has  a  particular  Degree  of  Denfity  than  in 
ether  Cafes;  fo  the  quick  Appearing  and  Difap- 
pearing  of  the  Streams  of  Light  in  the  Aurora. 
Borealis  may  poifibly  arife  from  a  Charge  of  Den- 
sity in  the  higher  Parts  of  the  Atmofphere.  For. 
v/here  the  Air  is  fo  very  thin  it  may  be  fubje(5t  to 
very  fudden  Condenfations,  Rarefadions  occa-, 
fioned  by  the  Motion  of  the  Wind.s,  and  I  have 
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obferved  thofe  Lights  to  be  more  unfteady  in  a 
windy  Night  than  when  it  was  calm. 

But  the  elecfbrlc  Matter  appears  to  be  of  the  fame 
kind  of  Subilance  which  forms  the  Aurora  Borealisy 
and  the  Tails  of  Comets,  by  its  having  alfb  that 
remarkable  Property  of  letting  the  Rays  of  Light 
pafs  thro'  it,  wiihout  having  any  kixt  of  Effec^t  up- 
on them.  And  this  I  found  by  feveral  Experi- 
ments i  for  I  obferved  that  fmall  Rays  of  Light, 
pafling  over  (harp  Points,  and  by  the  Edges  of 
Knives,  from  whence  the  eledric  Matter  ilfued 
abundantly,  were  affeded  in  the  very  fame  Man- 
ner as  when  thefe  Points  and  Edges  were  not  elec- 
trilred.  Having  provided  a  large  Pane  of  Glafs 
properly  coated  on  both  Sides  with  thin  fheet 
Lead,  I  made  two  fmall  Holes  in  the  Lead,  op- 
pofite  to  each  other,  for  a  Ray  of  Light  to  pafs 
thro'  i  and  I  found  this  Ray  was  no  more  refrafied 
in  its  PafTage  thro'  the  Holes,  when  one  Side  cf 
the  Glafs  v/as  electrified  Plus,  and  the  other  Minus^ 
than  it  was  before  the  Glafs  was  eledlrified  at  all, 
or  after  the  eledric  Matter  was  difcharged,  which 
(hews  that  the  i\.ccumulation,  or  the  Abfence  of 
this  Matter  no  way  contributed  to  encreafe  or  di- 
minifh  the  refradive  Power  of  the  Glafs.  I  found 
that  when  Water  was  eletftrified  no  change  w?.s 
made  either  in  its  Power  of  refrading  or  refleding 
the  Rays  of  Light. 
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I  ma3e  many  other  Experiments  of:  the  fame 
kind,  too  tedious  to  defcribe,   and  they  all  led 
me  to  conclude  that  the  electric  Matter  had  60 
fort  of  Effedt  on  the  Rays  of  Light  that  pafled 
thro'  it.     Since  then  the  eleflric  Matter  feems  to 
be  of  the  fame  Nature  "with  that  which  forms  the 
Aurora  Borealis,    and  abounds  much  in   the  At- 
molphere,  and,  when  it  gets  into  the  rarer  Parts ' 
of  it,  will,  by   its  known  Properties,  exhibit  to 
us  an  Appearance  like  that  of  the  Aurora  Borealis^ 
we  muil  acknowledge  it  to  be  a  Caufe  really  ex* 
ifting,  and  fufficient  to  explain  this  Phaenomenon, 
and  therefore  w^e  may  afcribe  the  Appearance  of 
an  Aurora  Borealis  to  the  Rifmg  of  the  elecflric 
Matter  into  the  upper  Regions  of  the  Atmofphere. 
The  following  Obfervation  will  ferve  further  to 
confirm  this  Opinion.     In  our  Summer  Months, 
when  the  electric  Matter  is  frequently  difcharged 
from  the  lower  Clouds  in  Lightning,  and  fo  re- 
turns to  the  Earth,  we  fcarce  ever  fee  an  Aurora 
Borealis ;  but  at  other  times,  when  it  is  not  ufually 
difcharged  in  Lightning,  it  may  rife  higher  into 
the  Atmofphere,  and  will  occafion  more  frequent 
Appearances  of  this  kind.     And  this  probably  is 
the  Reafon  why  thefe  Appearances  are  more  fre- 
quent in  cold  than  in  warm  Climates,  the  former, 
being   lefs    fubje^l:  to    Storms  of  Thunder  and 
Lightning  than  the  latter.     In  Countries  that  lie 

far 


(  113  ) 

far  to  the  North  the  Aurora  ^orealis  is  faid  to  (hine 
much  brighter  than  with  us,  and  to  appear  ainioll: 
every  Night. 

As  the  preceding  Confiderations  feem  to  make 
it  probable  that  the  Tails  of  Comets  confift  of  the 
fame  kind  of  Subflance  which  forms  the  Aurora 
Borealis^  and  that  this  is  no  other  than  the  electric 
Matter ;  I  (hall  affume  this  as  a  Principle,  and 
try  if  I  can  from  thence  Account,  in  fome  Mea. 
fure,  for  the  Phenomenon  of  Comets'  Tails,  and 
in  doing  this    I  fhall    have   an   Opportunity  of 
making  fome  Obfervations  which  may  ferve  to 
iTievv  a  further  Refemblance  between  thofe  three 
Subitances  that  I  have  compared  together.     The 
Earth,    and  all  Bodies  near  it,   contain  more  or 
lefs  of  the  eleclric  Matter,  and  tho'  it  may  be  ac- 
cumulated  in  fome  Bodies,    and   dirainifhed  in 
others,  we  cannot  be  fure  that  any  Body  may  be 
totally  deprived  of  it,  but  on  the  Contrary  have 
great  Reafon  to  think  it  can  neither  be  increafed 
nor  diminiflied  in  any  Body  beyond  a  certain  De- 
gree ;  we  mud  therefore  fuppofe  that  it  is  con- 
tained in  all  Bodies  in  our  folar  Syllem.     Some 
Bodies  fuch  as  Glafs,  Amber  and  others,  that  are 
called    Ele£lrics,    attradt  and   retain   this    Matter 
m.ore  flrongly  than  thofe  do  which  are  called  iVc;r 
Ekclrks,  for  an  eledric  Body  will  draw  this  Matter 
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from  one.  that  is  not  eledric  againft  which  it  is 
rubbed,  and  it  will  alfo  flop  the  eledric  Matter 
in  its  Progrefs  from  one  Body  to  another,    and 
therefore  an  electric  Body  is'  called  a  Non-condnBor, 
in  Oppofition    to  other  Bodies  thro'  which,  the 
eledric  Matter  readily  pafles.     But  we    find  that 
any  Body  even  the  moft  Eleftric,  if  fafficiently 
heated,  will  become  a  Condudor^    or  will  let  the 
'  cleftric  Matter  pafs  from  it  very  eafily,  and  there- 
fore we  conclude  that  Heat  difpofes   all  Bodies 
readily  to  part  with  the  eledlric  Matter  they  con- 
tain,   and    we    have    an    Inftance   in  the    Tour- 
malin  Stone  that  fome  Bodies  will   always  throw 
off  an    eledric  Matter  merely  by  being  heated. 
Now  when    a  Comet    comes  down  towards  the 
Sun,  from  Regions  ot  extreme  Cold,  and  begins 
to    acquire    fome  Degree    of  Hear,    it  will,  like 
other  Bodies,  be  difpofed  to  part  with  the  elec- 
tric Matter,    which    it    may  poflibly  contain    in 
great  Abundance,  and  this  Matter,  when  thrown 
off,    will    exhibit    to    us    the   Appearance   of  a 
fhining  Train,  as  it  does  in  the  Aurora  Borealis  \ 
and  as  the  Comet  comes  to  its  Perihelion^  and  the 
Heat  increafes,  this  Matter  will  ilTue  more  abun- 
dantly, and  theTrain  orTail  will  increafe  in  Length, 
till  upon  the  Comets'  receding  from  the  Sun  the 
Heat  will  decreafe,  and  this  Matter  being  pretty 
much  exhaufled,  the  Tail  will  be  contracted  in  its 
/  Dimenfions, 
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Dimenfions,  and  at  length  will  be  too  far  removed, 
and  grow  too  faint  to  be  obferved. 

As  a  Comet  is  expofed  to  vafl:  extremes  of  Heat 
and  Cold,  Light  and  Darknefs,  we  may  well  fup- 
pofe  it  to  be  uninhabited,  and  if  fo  it  is  not  ne- 
ceffary  that  it  fhould  turn  round  its  Axis,  but 
may  always  keep  the  fame  Face  towards^  the  Sun, 
as  the  Moon  keeps  the  fame  Face  towards  the 
Earth,  and  indeed  it  mufl:  do  fo  if  its  Figure  be 
that  of  an  oblong  Spheroid.  Now  the  eledric 
Matter  which  rifes  from  the  Earth  goes  off  into 
the  colder  Regions  of  the  Atmofphere,  and  in  a 
Direction  nearly  oppofite  to  the  Sun,  and  I  believe 
we  have  no  Inftance  of  what  we  call  the  Aurora 
Borealis  appearing  between  the  Tropicks.  Why 
then  fhould  not  this  Matter  take  the  fame  Courfe 
in  its  Progrefs  from  the  Head  of  the  Comet,  and 
fly  off  from  its  dark  Hemifphere,  where  its  At- 
mofphere is  colder  and  clearer,  and  where  the  Va- 
pours are  thin,  and,  rifing  more  gradually,  will 
give  it  an  Opportunity  of  rifing  along  with  them  ; 
whilft  on  the  other  Hemifphere,  which  is  expofed 
to  the  Sun,  the  Vapours  mult  rife  very  thick,  and 
form  Clouds  which  m.ay  intercept  the  electric 
Matter  in  its  Progrefs,  and  collecting  it  together 
may  return  it  back  to  the  Head  of  the  Comet  in 
Lightning  as  our  Clouds  in  hot  Countries  return 
their  ele(5tric  Matter  into  the  Earth.  Eefides  as 
Q  2  we 
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we  find  that  the  ele6lric  Matter  pafTes  off  from  a 
Body  where  it  is  rough  or  pointed  much  more 
readily  than  where  it  is  round  and  fmooth,  fo  it 
is  pollible  that  the  Hemifphere  of  the  Comet, 
which  is  turned  from  the  Sun,  may  be  fo  formed 
as  to  part  with  the  ele(5lric  Matter  more  readily 
than  the  other,  which  is  turned  towards  the  Sun  j 
and  in  whatever  Diredion  the  ele<5lric  Matter  is 
thrown  off  from  any  Body  we  find  it  continues  to 
move  with  imrnenfe  Velocity,  as  I  obferved  in 
the  Streams  of  eledric  Matter  which  ifTued  from 
the  Wire  in  the  exhaufled  Receiver. .  I  obferved 
alfo  that  thefe  Streams  did  not  grow  much  thicker 
as  they  advanced  in  their  Courfe,  either  in  the  ex- 
haulled  Globe  or  cylindrical  Receiver  j  nor  did 
they  feem  difpofe4  to  expand  themfelves  into  the 
Space  that  furrounded  them,  but  went  ftraight 
forward  juft  as  a  Ray  of  folar  Light  would  do.  And 
thus  the  Matter  which  iffues  from  a  Comet  pro-r 
ce^ds  in  the  fame  Diredion  in  which  it  is  thrown 
off,  and  forms  that  large  Column,  v/hich  we  call 
the  Tail ;  and  we  fee  that  the  Matter  of  which 
the  Tail  eonfirts  has  very  little  or  no  Difpofition 
to  expand  itfelf  into  the  furrounding  Spaces ;  for 
the  Tail  is  not  much  broader  towards  the  End 
than  near  the  Flead  of  the  Comet.  This  I  think 
is  a  moft  extraordinary  Property,  both  of  the 
eledlric  Matter,  and  of  that  which  forms  a  Co- 
met's Tail,  and  which  is  a  further  Argument  for 
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concluding  them  to  be  of  the  fame  Nature,  for 
they  both  fly  off  from  the  Body,  in  which  they 
are,  with  great  Velocity,  which  feems  to  argue  a 
Tepulfive  and  expanflve  Force,  yet  they  proceed 
as  the  Rays  of  Light  do  without  expanding  thera- 
felves  laterally  into  the  Spaces  thro'  which  they 
pafs. 

And  this  remarkable  Property  feems  well  worth 
attending  to  in  all  our  Enquiries  concerning  the 
eledric  Matter.  At  prefent  we  are  fo  little  ac- 
quainted with  the  true  Nature  of  it,  and  fo  ig- 
norant of  the  Subflance  which  forms  the  Body 
of  the  Coraet,  that  is  not  to  be  expeded,  wc 
iTiould  be  able  to  lay  how  it  can  furnifh  fuch 
a  vaft  Quantity  of  this  eledtric  Matter,  or  to 
aflign  with  Certainty  the  Reafon  why  the  Tail 
of  a  Comet  is  thrown  off  from  its  dark  Hemif- 
pherc  in  a  Direction  oppofite  to  the  Sun,  rather 
than  in  any  other  Diredion.  Future  Experiments 
and  Obfervations  will  either  confirm  thefe  Con- 
je<ftures  of  mine  or  fuggeft  others  more  probable ; 
but  now  we  can  only  argue  by  Analogy  from  the 
rifing  of  the  e.\e6\.nc  Matter  thro'  the  colder  Re- 
gions of  our  Atmofphere  in  the  Aurora  Boreahs, 
that  the  fame  Efft6i  will  take  Place  in  the  Atmof^ 
phere  of  a  Comet,  and  from  the  fame  Caufe, 
whatever  that  raav  be. 


Sir 
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Sir  Ifaac  Newton  obferves  the  Tail  of  the  Co- 
met which  came  to  its  Perihelion   on  the  eighth  of 
December  J   1680,  appeared  about  the  Middle  oi  Ja- 
nuary following  to  be  bent  into  a  Curve.     Now  as 
the  Tail  was  convex  towards  thofe  Parts  to  which 
the   Comet  moved,  this  bending  might  feem  to 
arife  from  its  meeting  with  fome  refifting  Matter; 
but  this  Curvature  was  much  lefs  than  what  would 
arife  from  a  refifting  Matter  denfer  than  the  Tail, 
and  whofe  fuperior  Gravity  would  be  able  to  raife 
it  up  from  the  Sun  ;  for  he  tells  us  that  on  the 
5th  of  January  when  the  Tail  was  40  Degrees  long, 
its  Chord,  or  a  Line  drawn  from  the  Head  of  the 
Comet  to  the  Extremity  of  its  Tail,  made  an  An- 
gle of  only  8  Degrees  with  a  great  Circle  paffing 
thro*  the  Sun  and  Comer.      But  that  this  Cur- 
vature was  not  owing  to  any  refifting  Matter  ap- 
pears from  hence,  that  the  Tail  muft  be  bent  into 
a  Curve  tho'  it  met  with  no  Refiftance  -,   for  it 
could  not  be  a  right  Line  unlefs  all  its  Particles 
were  projetfied  in  the  fame  Direction,  and  with, 
the  fame  Velocity,  and  unlefs  the  Comet  moved 
uniformly  in  a  right  Line.    But  the  Comet  moves 
in  a  Curve,  and  each  Part  of  the  Tail  is  projefled 
in  a  Diredion  oppofite  to  the  Sun,   and  at  the 
fame  time  partakes  of  the  Motion  of  the  Comet ; 
fo  that  the  different  Parts  of  the  Ttiil  muft  move 
on  in  Lines  v/hich  diverge  from  each  other;  and 
a  Line  drawn  from  the  Head  of  a  Comet  to  the 
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Extremity  of  the  Tail  will  be  parallel  to  a  Line 
drawn  from  the  Sun  to  the  Place  where  the 
Comet  was,  when  that  Part  of  the  Tail  began 
to  afcend,  as  Sir  Ifaac  obferves ;  and  fo  all  the 
Chords,  or  Lines  drawn  from  the  Head  of  the 
Comet  to  the  intermediate  Parts  of  the  Tail,  will  be 
refpedively  parallel  to  Lines  drawn  from  the  Sun  to 
the  Places  where  the  Comet  was  when  thefe  Parts  of 
the  Tail  besjan  to  afcend.  And  therefore  fince  thefe 
Chords  of  the  Tail  will  be  of  different  Lengths, 
and  parallel  to  different  Lines,  they  mufl  make 
different  Angles,  with  a  great  Circle  palling  thro' 
the  Sun  and  Comet,  and  confequently  a  Line 
palling  thro'  their  Extremities  will  be  a  Curve. 

It  is  obferved  that  the  convex  Side  of  the  Tail 
v/hich  is  turned  from  the  Sun  is  better  defined 
and  fhines  a  little  brighter  than  the  concave  Side. 
Sir  Ifaac  accounts  for  this  by  faying,  that  the  Va- 
pour on  the  convex  Side  is  freflier  (that  is,  has  af- 
cended  later)  than  that  on  the  concave  Side,  and 
yet  I  cannot  fee  hov/  the  Particles  on  the  con- 
vex Side  can  be  thought  to  have  afcended  later 
than  thofe  on  the  concave  Side  which  may  be 
nearer  to  the  Head  of  the  Comet.  I  think  ic 
rather  looks  as  if  the  Tail,  in  its  rapid  Motion, 
met  with  fome  flight  Refiilance  jull  fufficient  to 
caufe  a  fmall  Condenfation  in  that  Side  of  it 
which  moves  foremofl,    and  which  would  occa- 

lion 


(     120     ) 

"lion  It  to  appear  a  little  brighter  and  better  de- 
nned than  the  other  Side  -,  which  flight  Reliftance 
may  arife  from  that  fubtle  ^Ether  which  is  fuppofed 
to  be  difperfed  thro'  the  celeftial  Regions,  or  from 
this  very  ele61ric  Matter  difperfed  in   the  fame 
Manner,  if  it  be  different  from  the  iEther.     Here 
I  muft  obferve  that  the  convex  Side  of  the  Tail, 
v/hich  is  turned  from  the  Sun,  being  brighter  than 
the  other  Side,  affords  an  additional  Argument  in 
favour  of  what  I  have  afferted,  that  the  Tail  does 
not  fhine  by  reflefting  the  Sun's  Light.     And  this 
leads  me  to  fay  fomething  of  that  luminous  Qua- 
lity which  we  obferve  in  the  ele6lric  Matter,  and 
by    which    I    fuppofe   the  Tails   of   Comets  to 
fnine. 

The  Writers  on  Eleftricity  tel!  us  that  the  elec- 
tric Matter  carries  off  from  Bodies  certain  fubtile 
Particles  of  a  fulphurous  inflammable  Nature,  which 
it  kindles  as  foon  as  they  are  difengaged  from  the 
Body,  and  thence  it  Ihines.  And  this  Account 
is  proved  from  its  inflaming  other  Bodies,  fuch  as 
warm  Spirits,  and  from  that  fulphurous  Smell 
which  always  attends  the  ele(5fric  Matter,  and 
v/hich,  any  one  will  perceive  from  his  Hand,  if 
lie  receives  the  eled:ric  Sparks  on  it  for  fome  time, 
and  the  fame  Smell  is  more  flrongly  perceived  in 
Places  that  have  been  flruck  by  Lightning.     Now 
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theCe  Inflammable  Vapours  which  often  abound  m 
the  Air,  being  carried  up  by  the  ele^ric  Matter, 
and  kindled  in  the  higher  Parts  of  the  Atmo- 
fphere,  v/ili  caufe  it  to  fhine  and  appear  to  us  in  the 
Aurora  Borealis. 

But  perhaps  it  may  be  faid,  that,  without  having 
recourfe  to  the  eleiflric  Matter,  we  might  fuppofe 
the  Comet,  or  a  great  Part  of  it,  to  confift  of 
fbme  very  combullible   Matter  which  may  take 
fire  by  a  fmail  Degree  of  Heat,  and  blaze  out  in 
fuch  Abundance  as  to  occafion  that  luminous  Ap-. 
pearance  we  call  the  Tail.     And  this  Hypothelis 
may  appear  at  firil  Sight  more  natural  and  pror 
bable  than  the  one  I  have  fuggefled  ;  yet  I  ima* 
gine  It  will  not  be  found  fo,  if  we  examine  it  at- 
tentively.    For  if  the  Comet  were  to  take  fire  and 
blaze  out  as  burning  Bodies  do  v/ith  us,  the  elaf- 
ticity  of  the  Flame  might  indeed  raife  it  to  fome 
Diftance  from  the  Body  of  the  Comet,  but  then 
it  would  rife  equally  on  all  Sides,  or  rather  to  a 
greater  Height  on  the  Side  next  the  Sun,  where 
the  Heat  is  greateft.     And  a  Flame  of  this  kind 
could  not  be  carried  up  in  a  Direction  oppofite  to 
the  Sun,  unlefs  it  were  by  the  fuperior  Denfity 
and  Weight  of  feme  furrounding  Medium  which 
gravitates  towards  the  Sun  ;  jult  as  we  find  the 
Flame  of  burning  Bodies  is  raifed  upwards  by  the 
PrelTure  of  the  furrounding  Air.      Bwt  I   have 
R  IhewD;, 
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(hewn,  in  the  former  Part  of  this  Effay,  that  3 
Medium  denfer  and  heavier  than  the  Tail  muft 
refifl:  and  retard  its  Motion  much  more  than  that 
of  the  Comet,  and  therefore  could  never  permit 
the  Tail  to  move  foremofl  as  it  fometimes  doei?, 
but  muft  caufe  it  always  to  fall  behind,  and  con- 
fequently  to  appear  as  diredled  towards  the  Sun 
when  the  Comet  has  paffed  its  Perihelion^  and  is 
retiring  from  the  Sun.   So  that  in  order  to  account 
for  the  conllant  Afeent  ot  this  luminous  Matter  in 
a  Direflion  oppofite  to  the  Sun,  v/e  mtifl  have  re- 
Gourfe  to  fome  Medium  that  has  no  fenfible  Gra- 
vity, and  that  is  apt  to  move  in  fome  particular 
Direction  from  the  Body   in  which   it    is,    and 
with  fuch  Velocity  as  to  carry  the  burning  Mat- 
ter to  a  vaft  Diftance  from  the  Comet  before  it 
is  entirely  eonfumed.     Now  I  believe  we  do  not 
know  of  any  Medium  that  has  thefe  Properties 
except  that  which    we  call  the  ele^lric  Matter. 
For  it  feems  no  more  affetfled  by  the  Force  ot. 
Gravity  than  the  Rays  of  Light  are,  and  when  it 
moves  freely  it  is  apt  to  go  on  in  the  Diredlion  in 
which  it  fets  out,  as  I  obferved  before,  and  then 
it  moves  with  fuch  a  Velocity  as  we  cannot  mea- 
fure.     For  it  has  been  found  to  pafs  thro^a  Wire 
two  Miles  and  a  Half  in  Length,  as  it  were,  in- 
ftantaneoufly,  and  probably  its  Velocity  is  not  in- 
ferior to  that  of  th^  Rays  of  Light.     This    Me- 
dium therefore  feems  not  only  capable  of  kindling 
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iiach  fubtlle  inflammable  Particles  as  it  meets  with 
in  the  Comet,  but  alfo  of  carrying  them  off,  be- 
fore they  are  confumed,  to  that  valt  Diftance  to 
which  the  Tail  fometimes  extends. 

Where  the  inflammable  Particles  are  quite  con- 
fumed,  the  Tail  of  the  Comet  mufl:  end ;  and 
the  elec5iric  Matter  will  afterwards   be  invinbly 
difperfed  thro'  the   planetary  Regions,  where  it 
may  be  gathered  up  by  the  Planets  in  their  Courfes 
round  the  Sun.     For  firce  we  find  this  kind  of 
Matter  placed  in  all   Bodies  by  the  Wifdom  of 
Providence,  we  mufl  conclude  it  is  neceiTary  for 
carrying  on  the   feveral  Operations   of  Nature; 
and  we  know  it  is  very  apt  to  efcape  from  Bodies 
by  its  great  Subtilty  and  repelling  Force.    We  fee 
it  rifes  from  the  Earth  into  the  Atmofphere,  and 
is  probably  going  off  from  thence  when  it  appears 
in  the  Aurora  Borealis.    In  like  Manner  it  may  fly 
off  from  the  other   Planets,  and  be  continually 
expanding  itfelf  from  the  Center  of  our  Syftem 
beyond  the  Orbit  of  Saturn.     So  that  it  may  be 
necelTary  it  fhould  be  brought  back  again  and  dif- 
perfed among  us  by  the  Comets.     And  it  feems 
to  me  more  probable  that  Comets  were  intend- 
ed for  this  Ufe,    than  for  that  of  fupplying  the 
Planets  with  Moiflure,  as  Si-r  Ifaac  Newton  thought. 
His  Opinion  was  founded  on  a  Suppolition  that 
all  V^cgetables  have   their   Growth  and  Increafe 
R  2  entirely 
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entirely  from  Water,  and  that  fince  they  do  not 
turn  again  into  Water  but  into  Earth,  there  mufl 
be  a  continual  Decay  of  Moifture,  and  therefore 
a  frefh  Supply  of  it  muft  be  neceffary  from  time 
to  time.*  But  this  Suppofition  does  not  feem  to 
have  been  fufficiently  grounded  on  Experience, 
For,  fmce  Sir  Ifaac  wrote,  Dr.  Woodward^  an  inge- 
nious Phyfician,  made  feveral  Experiments  on 
Water  and  Vegetables  growing  from  it.  Ele  iliews 
that  all  Water  contains  an  earthy  Matter,  and 
concludes :  '  It  is  evident  therefore,  that  Water 
'  is  not  the  Matter  that  compofes  vegetable  Bodies  \ 
*■  but    is  the  Agent    that   conveys   that  Matter 

*  to     them,    that    introduces,     and     diilributes 

*  it    to  the     feveral   Parts     for     their  Noiirifli- 

*  raent.      Where   the  proper    terreftrial    Matter 

*  is  wanting,  the  Plant  is  not  augmented  tho' 
'  never  fo  much  Water  afcends  into  it.'f  This 
is  alfo  the  Opinion  of  Dr.  Boerhaave,  and  he  af- 
iirms  from  his  own  Experience,  that  pure  ele- 
mentary Water  cannot,  by  repeated  Diilillations, 

ox 

*  Nam  Vegetabilia  omnia  ex  Liguoribus  omnino  crefcuntj 
dein  magna  ex  parte  in  Terram  aridam  per  Putrefadionem 
abeunt,  &  Limus  ex  Liquoribus  putrefaftis  perpetuo  decidit, 
Hinc  moles  Terrse  aridai  indies  augetur,  &  LiquoreSj  nifi 
aliunde  augmentum  fumerent,  perpetuo  decrefcere  deberent^ 
ac  tandem  deficere.    Prlncipia,  Pag.  515,     Edit.  ada. 

f  Philof,  Tranfadions,    No,  252. 
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or  otherwlfe,  be  converted  into  Earth. J  So  that 
there  feems  to  be  no  Neceflity  for  fuppofing  a 
gradual  Decay  of  Moifture  in  any  of  the  Pla- 
nets. Befides,  if  the  Comets  were  intended  to 
fupply  the  Planets  with  Moifture,  none  of  them 
could  ferve  for  this  Purpofe  more  than  once, 
but  mufl  afterwards  become  ufelefs,  tho'  they 
return  regularly  in  their  Orbits,  which  is  not 
agreeable  to  the  Oeeonomy  of  Nature,  For  when 
the  Heat  of  the  Sun  had  driven  all  the  Moifture 
it  could  from  a  Comet  in  its  Perihelion^  where 
fhould  it  afterwards  get  a  frelb  Supply  ?  We  can 
fcarce  fuppofe  the  Planets  to  lofe  any  Moiflure 
by  Evaporation,  as  no  Vapours  can  rife  above  their 
Atmofpheres.  Or  even  if  any  very  thin  Vapours, 
Steam.s  or  Effluvia  of  a  moift:  Nature  fhould  arife 
from  themj  they  could  not  have  Heat  and  Elafti- 
city  enough  to  expand  themfelves  very  far.  But 
the  eledric  Matter,  from  its  vaft  fubtilty  and  velo- 
city, feems  capable  of  making  great  Excurfions 
from  the  planetary  Syftem,  and  therefore  the  fe- 
veral  Comets  in  their  long  excurfions  from  the  Sun  . 
in  all  Diredtions,  may  overtake  this  Matter ;  and 
attrafting  it  to  themfelves  may  come  back  replete 
with  it,  and*  being  again  heated  by  the  Sun  may 
difperfe  it  among  the  Planets,  and  fo  keep  up  2, 
Circulation  of  this  Matter  which  we  have  reafon 
to  think  it  neceiiary  in  our  Syftem. 

Sir 

X  Elements  of  Chjimi/Ir^,  Part  zd^ 
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Sir  Ifaac^  after  giving  his  Opinion  that  the  aque- 
ous Particles  thrown  off  from  Comets  are  taken 
Ttp  by  the  Planets  as  a  iiipply  of  Moiflure,  adds  : 

*  1  fufpe(n:  moreover,  That  that  Spirit  which  is  the 

*  lea(^,  but  the  mod  fubtile  and  the  bed  Part  of 

*  our  Air,  and  is  neceflary  for  fupporting  the  Life 

*  of  ail  Things,  comes  chiefly  from  the  Comets. '$• 
which  fhews  that  he  thought  the  Tails  of  Comets 
confiiled  of  fomething  more  than  watery  Clouds 
and  Vapours.  What  he  m.eant  by  thefe  Words  I 
cannot  lay  with  Certainty,  but  I  think  they  are 
extremely  applicable  to  that  kind  of  Matter  which 
1  have  fuppofed  comes  to  us  from  the  Comets  j 
and  with  which  our  Air  generally  abounds. 

I  (hall  now  recapitulate,  in  a  few  Words,  the 
SubRance  of  what  has  been  faid.  As  the  Tail  of 
a  Comet,  tho*  exceedingly  rare,  yet  meets  with 
no  Refiftance  in  its  rapid  Motion  round  the  Sun, 
(except  fo  flight  a  one  as  can  only  caufe  a  very 
fmall  Condenfation  on  that  Side  of  it  which  moves 
foremofl,  and  thereby  may  make  it  a  little  bright- 
er than  the  other  Side)  it  cannot  pofiibly  move  in  a 
Medium  denfer  and  heavier  than  itfelfj  and  there- 
fore 

%  Porro  fufpicor  Spiritum  ilium  qui  Aeris  iioftri  pars  mini- 
rpa  eft,  fed  fubtiliffima  &  optima,  &  ad  rernm  omnium  vitan; 
rei^uiritur  ex  Cometis  praecipue  venire.     Pr'mcipia,  Pag.  5 1 5. 
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fore  cannot  be  falfed  up  from  the  Stin  by  the  fupe- 
rior  Gravity  of  fuch  a  Medium.  And  ijince  the  Tail 
is  not  capable  of  refleding  or  refrading  the  Light 
of  the  Stars,  it  cannot  fhine  by  rfefleding  the  Sun's 
Light ;  and  eonfequently  does  not  confift  of  Clouds 
or  aqueous  Vapours,  but  is  itfelf  a  fhining  Sub- 
fiance.  And  from  what  Aftronomers  fay  of  the 
Splendor  of  Comets'  Tails,  I  am  perfuaded  they 
do  not  fhine  with  fuch  a  dull  Light,  as  would  be 
reflefted  to  us  by  Clouds  or  Vapours  at  fo  great  a 
Dillance,  but  with  a  briflier,  tho'  a  glimmering 
Light,  fuch  as  would  arife  from  a  very  thin  vo- 
latile burrting  Matter.  And  here  I  muft  not  omit 
an  Obfervation  of  Dr.  Halleys,  which  feems  very 
much  to  my  Purpofe.  In  his  Defer iption  of  the 
remarkable  Aurora  Borealis  feen  in  England  in  the 
Year  1716,  (which  I  mentioned  before)  fpeaking 
of  the  great  Streams  of  Light,  he  fays :  fhey  fo 
much  refemhhd  the  long  'Tails  of  Comets^  that  at  firfl 
Sight  they  might  well  be  taken  for  fuch.  And  after- 
wards, This  Light'  feems  to  have  a  great  Affinity  to 
that  which  the  Effitivia  of  eleBric  Bodies  emit  in  the 
Dark.  §  From  whence  we  find  that  this  accurate 
Obferver  perceived  a  Refemblance  between  thofe 
Subftances  that  I  have  been  comparing  together. 
Now  I  have  fliewn  that  they  agree  remarkably,  not 
only  in  their  Appearance,  but  alfo  in  fuch  Proper- 
ties as  we  can  obferve  in  each  of  them,  and  there- 
T  fore 

§  Philof.  Tra-ifaB'ms,  No.  347, 
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fore  I  have  fappofed  them  to  be  Subflances  of 
the   fame    Nature.     I  have    alfo  endeavoured  to 
fhew  that  the   ele(5lric  Matter,    from  its  known 
Properties,  is  capable  of  exhibiting  to  us  all  the 
Phsenomena  of  Comets'  Tails,  and  that  we  may 
from  thence  affign  the  Ufe  of  Comets  with  more 
Probability  than  has  hitherto  been  done.     By  this 
Account,  if  it  fhould  happen  to  be  a  true  one,  we 
fhall  avoid  all   thofe  Obje61ions  that  have  been 
made  to  the  Ne'wloman  Do(ftrine  of  a  Vacuum  in  the 
celefiial  Spaces,  from  the  Afcent  and  Bending  of 
Comets'  Tails.     For  the  t\t€tnc  Matter  is  far  too 
rare  and  fubtile  to  give  any  Refinance  to  the  Mo- 
tion of  large  and  denfe  Bodies,  as  we  find  it  pafles 
thro^  them  with  as  much  Eafe  as  thro'  a  Vacuum. 
And  thefe  Obfervations,,  by  tending  to  (hew  the 
Univerfallty  of  this  kind  of  Matter,  may  encou- 
rage us  .  to  further  Enquiries  into  its  Nature  and 
Properties  ;  from  a  Knowledge  of  which  1  fufpeiTt 
our  future  Improvements  in  Natural  Philofophy 
will  chiefly  arife  ;  efpecially  in  that  Part  of  it  which 
relates  to  Fire  and  Fleat,  the  Nature  of  which  is 
at  DrefeFit  but  httle  known. 


I    N    I    ^- 
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